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PREDICTION OF THE EFFECT OF LUMBAR SYMPATHECTOMY ON 
THE SKIN TEMPERATURE OF THE LOWER EXTREMITY IN 
PATIENTS WITH OBLITERATIVE ARTERIAL DISEASE 


J. J. CRANLEY, M.D., Cincinnati, Onto, S. A. LEIseca, M.D., Boston, Mass., 
J. L. BucHANAN, M.D., PrrrspurGH, Pa., AND C. V. MENENDEZ, M.D., D. P. Topp, 
M.D., ano R. R. Linton, M.D., Boston, Mass. 

(From the Department of Surgery at the Massachusetts General Hospital, and from the 


Anesthesia Laboratory and the Surgical Research Laboratories of the Harvard 
Medical School at the Massachusetts General Hospital) 


INTRODUCTION 


ETHODS of producing vasodilatation in the extremity are of interest to 

the surgeon in so far as they do or do not help him in the selection of 
patients for sympathetic ganglionectomy. This is a report of the results of 
studies on the effectiveness of several techniques for releasing vasomotor 
tone in lower extremities with obliterative arterial disease, and the comparison 
of the rise in skin temperature after each method with that obtained following 
lumbar sympathectomy. Heating the thorax and abdomen with warm air 
(Lewis), or the forearms and hands with warm water (Gibbon-Landis), and 
peripheral nerve block have been studied extensively in the Peripheral Vascular 
Laboratory of the Massachusetts General Hospital. A concurrent study, carried 
on in conjunction with the Department of Anesthesia,* 1° has provided an op- 
portunity to observe changes in skin temperature during operative anesthesia. 
The records of 36 patients with obliterative arterial disease of the lower extremi- 
ties, who were studied in the laboratory before and after lumbar sympathectomy 
and during the operative procedure, were analyzed and form the basis of this 
presentation. The etiologic diagnosis of arteriosclerosis obliterans was made in 
28 cases, and of thromboangiitis obliterans, with or without a factor of arterio- 
sclerosis, in 8 eases. The records of a second group of 60 patients, who were 
operated upon for other reasons and who had no clinical evidence of peripheral 
arterial disease, were reviewed in order to determine whether or not the type 


_,This investigation was supported in part by a research grant from the National Heart 
Institute, United States Public Health Service, and the Veterans Administration. 
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of anesthesia influenced the results. Finally, the records of a third group of 45 
men between the ages of 22 and 35 years with normal circulation, who served 
as subjects for the tests but did not undergo operation, were analyzed in order 
to detect differences in response of the upper and lower extremities to the same 
stimulus. 

METHODS 


Preoperative and postoperative studies were conducted in a controlled 
temperature room at 68° + 3° F. It was not possible to keep the temperature 
of the operating room within these limits, the average being 71.5° F. with 
extremes from 63.5° to 78.0° F. The effect of this variation on the results will 
be discussed later. 

In the studies conducted in the controlled temperature room, all subjects 
equilibrated for one hour while lying flat in bed. The men wore shorts and the 
women a light slip. In the studies carried out in the operating room, the 
time of equilibration was shorter, averaging 20 minutes. The surgical drapes 
were so arranged that the arms and legs, below the elbows and knees, were 
uncovered and exposed to the circulating room air. 

Skin temperatures were measured by an eight-lead, automatically record- 
ing potentiometer.* Leads had been placed on various toes and positions on 
the foot and leg during the course of these studies, and a rectal lead was in- 
serted in all operative cases. The temperature of the great toe was recorded 
in all cases herein reported and is considered to be representative. The dis- 
cussion will be limited to changes in the temperature of this digit. The iron- 
constantan thermocouple was held in place by a single layer of cellophane 
tape or a wisp of cotton soaked in collodion. 

Reflex Vasodilatation (Method of Lewis).—After the subject had equili- 
brated for one hour at 68.0° + 3° F. while lying supine in bed, an asbestos- 
covered cradle containing six 100 watt bulbs, which could be lighted individually, 
was placed over the abdomen and thorax, and a double thickness of wool blanket 
was placed over the cradle covering the subject from neck to groin. The extrem- 
ities were exposed to the environment. The lights were then turned on. The tem- 
perature in the cradle ranged between 120° and 140° F. The heating was con- 
tinued for one hour. If the temperature of the toe warmed to 90° F. or higher 
before the end of the hour, some of the lights were turned off so that the patient 
would not be too uncomfortable. 

Reflex Vasodilatation (Method of Gibbon and Landis).—A thermostatically 
controlled water bath was used. The average water temperature was 107° F. 
This is slightly less than the temperature used by Landis and Gibbon, but was 
necessary because some of the patients with occlusive arterial disease could not 
tolerate a temperature of 113° F. The subject lay prone, diagonally across the 
bed with forearms and hands immersed. His head rested on a pillow on the 
distal side of the water bath. The feet extended beyond the edge of the bed. 
This was continued for one hour in all cases and the highest temperature attained 








*Manufactured by the Brown Instrument Co., Division of the Minneapolis Honeywell Co., 
Philadelphia, Pa. 
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by the great toe was reported. The test was continued for a longer period in 
some patients, up to two hours. 

Tibial Nerve Block.—The tibial nerve was blocked at the ankle. This was 
performed after reflex heating had been terminated. The extremities had thus 
been exposed to the cold for 2 to 3 hours before block, which biased the results 
to some degree. Procaine, 1 per cent or 2 per cent, was used. If anesthesia was 
not obtained the first time, the block was repeated until it was successful. 

Operative Studies —The type of anesthesia was nitrous oxide-oxygen-ether 
in 29 cases, cyclopropane in 6 cases, and spinal in 10 eases. The patient was 
placed in the operating room and leads were attached. He was covered with a 
light cotton sheet with the upper and lower extremities exposed. After an 
equilibration period which averaged 20 minutes, the anesthetic agent was 
administered. The patient was then placed on his side. The kidney bar was 
raised and the table angulated upward in the mid-section so that the feet were 
pendent at an angle of approximately 15 degrees from the horizontal or 30 
degrees from the trunk. The position, then, differed from the preoperative 
and postoperative studies. The highest temperature of the toe after the ad- 
ministration of the anesthetic, but before ganglionectomy, was used for 
analysis regardless of time. This was necessary because the sympathetic chain 
was removed, or the operation was completed before the end of one hour in 
most cases. 

Postoperative Studies——The patient was placed in the controlled tempera- 
ture room, and every effort was made to be sure the temperature was exactly the 
same as it had been during the preoperative studies. The temperature of the 
great toe after one hour of equilibration was used. The time between operation 
and postoperative study averaged 11.8 months, with extremes of 3 months and 
39 months. 

RESULTS 


1. Reflex Vasodilatation (Lewis).—Lewis and Pickering® noted excellent 
correlation between the rise in skin temperature of the digit after heating of the 
body and nerve block in normal subjects and in most patients with Raynaud’s 
disease. These observations, however, were made on the upper extremity for 
the most part. Pickering and Hess? demonstrated that when the extremities 
of normal subjects are naturally cool, vasodilatation in response to warming 
the body becomes evident in the fingers earlier than in the toes. These authors 
noted further that in lower extremities, warming the body is less effective 
than nerve anesthetization in producing vasodilatation. These findings were 
attributed to a difference in intensity of the vasomotor relaxation in upper and 
lower extremities. Observations made in this laboratory confirm those of 
Pickering and Hess. In addition, it has been noted that when normal subjects 
are exposed to a cool environment (68° F.), the fall in temperature of the 
toes occurs more promptly than in the fingers, and that frightening the sub- 
ject accelerates the cooling process more in the toes than in the fingers. 
While good correlation has been found between the rise in temperature of the 
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digit after heating the body and after nerve block in normal upper extremities, 
the correlation is poor in normal lower extremities. Fig. 1 shows the average 
rise in temperature of the fifth finger or great toe after heating the body 
(Lewis) and after ulnar or tibial nerve block. These studies confirm, also, 
the observation of Gibbon and Landis* that a greater and more prolonged 
stimulus is required to bring about elevation of temperature by indirect heating 
in a limb with occlusive arterial disease than in a normal extremity. Since 
this method is not a sufficient stimulus to release vasoconstrictor tone in- 
variably, even in normal lower extremities, it follows that it is not adequate 
for selecting patients for surgery if they have occlusive arterial disease of the 
lower extremities. 
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Fig. 1.—The average rise in skin temperature of the fifth finger or great toe of normal 
extremities after heating the abdomen and thorax for one hour (Lewis) and after ulnar or 
tibial nerve block. The 20 extremities that had an ulnar nerve block are included in the 23 
upper extremities that had reflex vasodilatation; likewise, the 20 lower extremities that had 
reflex vasodilatation are included in the 25 that had a tibial nerve block. 


2. Reflex Vasodilatation (Gibbon and Landis).—Gibbon and Landis* 
demonstrated that all normal extremities are “significantly vasodilated” (that 
is, the temperature of the digit rises to at least 89.6° F.) within 30 minutes 
when the other two normal extremities are immersed in water at 113° F. They 
noted that this response did not occur in all patients with occlusive arterial 
disease and that one extremity with advanced obliteration of the arteries 
showed a rise in skin temperatures after tibial nerve block, in spite of the fact 
that there was no rise in temperature after warming the hands and forearms. 

The length of time the forearms and hands are immersed in water is of 
importance when studying patients with occlusive arterial disease of the 
lower extremities. Patients with this condition have been observed? who have 
no evidence of reflex vasodilatation by this method in 30 minutes and yet are 
significantly dilated in 1 hour, 90 minutes, or 2 hours. Some show a significant 
rise in skin temperature of the great toe after anesthetization of the tibial 
nerve at the ankle even though there had been no rise after 2 hours of indirect 
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heating. Fig. 2 compares the rise in temperature of the great toe after reflex 
vasodilatation induced by immersing the forearms in warm water for one hour 
and after tibial nerve block in 28 extremities with obliterative arterial disease. 
Anesthesia was obtained over the distribution of the tibial nerve in all cases 
represented in this graph including the 2 that show a better response to in- 
direct heating than to nerve block. In 1 of these 2 cases, the patient was 
allowed to go to lunch between the tests. In the morning the temperature 
of her toe was 68.5° F. after one hour exposure in a room at 65° F., and the 
temperature rose to 73.5° F. after immersing the hands and forearms in water 
for one hour. In the afternoon the lowest temperature of the toe was only 
72° F. after one hour exposure at 65° F., and then rose to 74° F. after block. 
The increase in metabolism after eating may explain this. The toe was actually 
slightly warmer after nerve block than after heating the hands and forearms. 
In the second case, the extremity was exposed to a temperature of 65° F. for 


25° 3 
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REFLEX VASODILATATION 


Fig. 2.—Rise of the skin temperature (degrees F.) of the great toe after tibial nerve block 
at the ankle (ordinate) and after one hour of immersion of the hands and forearms in warm 
water, 108° to 111° F. (abscissa), in 27 extremities with obliterative arterial disease. A pos- 
sible explanation of the fact that 2 toes had a higher skin temperature after indirect heating 
than after nerve block is given in the text. 





four and one-half hours before the block was performed. It is believed that 
the failure of the toe to increase in temperature after block in this case is due 
to the direct effect of cold on the blood vessels.‘ Fig. 3 compares the skin tem- 
perature of the great toe after one hour of indirect heating preoperatively 
with the temperature of the same toe after exposure to cold for one hour after 
sympathectomy. 

3. Tibial Nerve Block.—Morton and Secott® consider this to be the most 
practical method of evaluating vasolability in patients with obliterative arterial 
disease, and it has been previously reported? to be the most effective of the 
methods employed in this laboratory. The advantages of the method are that 
it is easy to perform, not particularly painful, can be done as an outpatient 
procedure, and the presence or absence of anesthesia gives definite information 
as to whether or not the nerve has been anesthetized. Vasomotor activity is lost 
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Fig. 3.—The postoperative skin temperature of the great toe (ordinate) compared with 
the highest skin temperature attained during one hour of immersion of the hands and fore- 
— in warm water preoperatively (abscissa) in 21 extremities with obliterative arterial 

isease. 
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Fig. 4.—The postoperative skin temperature of the great toe (ordinate) compared with 
the highest skin temperature attained after tibial nerve block preoperatively (abscissa) in 36 
extremities with obliterative arterial disease. Note that the temperature of one toe was 64° F. 
after nerve block. In this instance, the room temperature was colder (63° F.) than in the 
other cases in this series. 
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before sensation, so one can be sure the vasomotor pathways are blocked if 
anesthesia is present. The chief objection is the fact that a better response is 
obtained after sympathectomy than after nerve block in many patients with 
advanced obliterative disease. Fig. 4 shows that the correlation between the 
rise in skin temperature of the great toe after tibial nerve block preoperatively, 
and after lumbar sympathectomy, was good in 20 (55 per cent) and poor in 
16 (45 per cent) of the extremities studied. 
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Fig. 5.—The highest skin temperature of the great toe under operative anesthesia in 45 
patients with obliterative arterial disease of the lower extremities and in 60 patients coming 
to surgery for other reasons with no clinical evidence of obliterative vascular disease of the 
lower extremities (‘“‘normal”’ control patients). 


4. Operative Anesthesia.—Nitrous oxide ether was the anesthetic used in 29 
operations, cyclopropane in 6, and spinal anesthesia in 10 operations. Fig. 5, 
“arterial disease” column, demonstrates that the type of anesthesia used in this 
series had little influence on the results. The “controls” column shows the re- 
sults obtained with these same anesthetic methods on control subjects who had 
no clinical evidence of occlusive vascular disease of the lower extremities. It is 
of interest to note that 2 of the 4 extremities in the control group whose tem- 
perature did not reach 90° F. were of the same patient, aged 74 years, and the 
other 2 extremities were those of patients aged 72 and 67 years. Fig. 6 com- 
pares the temperatures obtained after tibial nerve block preoperatively with 
those obtained under anesthesia in the same subjects. Fig. 7 compares the 
results under anesthesia with those obtained after lumbar sympathectomy. 


DISCUSSION 


The evidence presented in Fig. 1 is consistent with the finding of Pickering 
and Hess’ that warming the body produces complete loss of vasomotor tone in 
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the upper extremity and incomplete loss of tone in the lower extremity of nor- 
mal subjects. The slightly greater rise in temperature of the fifth finger after 
ulnar block than after indirect heating may be explained by the absence of 
evaporative heat loss since sweating is present in the latter case but not in the 
former. 

There are three inconsistencies in these studies that could not be avoided 
and which must be taken into account when interpreting the results obtained 
during operative anesthesia. The first is the fact that the temperature of the 
operating room was higher than that of the controlled temperature room. It is 
very improbable that this difference in temperature would have a significant 
effect on the temperature responses of the toe in normal subjects or subjeets with 
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Fig. 6.—The highest skin temperature of the great toe under operative anesthesia (ordi- 
nate) and after tibial nerve block preoperatively (abscissa) in 41 extremities with obliterative 
arterial disease. As noted in Fig. 4, the temperature of the room was 63° F. in one case. 


minimal or moderate obliterative disease, but it could be a significant factor in 
some patients with advanced obliterative arterial disease. One reason for this 
is the direct action of cold on blood vessels when the digit is cooled below a 
critical temperature.t Another, is the fact that the curve of skin temperature 
versus blood flow rises very sharply at low flows and then flattens when flow be- 
comes maximal. The error arising from differences in environmental tempera- 
ture might be, therefore, considerably greater in the presence of a low blood flow 
than with a normal blood flow, and hence more significant in patients with 
obliterative arterial disease. Second, the time of equilibration was shorter in 
the operating room than during the preoperative or postoperative studies. This 
is of importance because a digit may, if given sufficient time, cool to a point at 
which it cannot react to release of vasoconstrictor tone. Instances have been 
noted in which a digit will show no evidence of vasodilatation after indirect 
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heating or nerve block when the subject has equilibrated in a cool environment, 
for example, 66° F., and yet vasodilation occurs promptly in the same digit 
when the temperature of the environment is raised to 70° F. Consequently, it 
is possible that the rise in temperature after operative anesthesia would have 
been less had the subject equilibrated for a full hour. Conversely, it may be 
better to study patients in a warmer environment than we have been using 
(68.5° F.). At the present time it appears that a room temperature of 72° F. 
would be the most practical for studying patients with occlusive arterial dis- 
ease, but further investigation is needed to confirm this. 
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Fig. 7.—The postoperative skin temperature of the great toe (ordinate) compared with 
the highest skin temperature of the same toe attained under operative anesthesia (abscissa) 
in 39 extremities with obliterative arterial disease. 

The third point to be considered is the fact that the recorded temperature 
in the operative cases is the maximum temperature observed and it occurred, 
in most cases, immediately after induction. In many instances, especially 
in those extremities with the most advanced disease, the toe cooled steadily 
throughout the procedure after this initial rise, but it was impossible to use 
temperatures recorded at the end of an hour because the ganglionectomy 
had been performed before this time had elapsed. It is most probable that 
eardiae output was maximal during, and shortly after, induction, when these 
temperatures were recorded,* whereas it was at a resting level during the 
preoperative and postoperative studies. A significant increase in cardiac 
output offers the best explanation of the fact that skin temperatures as high 
as those obtained after lumbar sympathectomy could be obtained on the 


operating table. 


, a all cases in which spinal anesthesia was used, a vasopressor (ephedrine) was em- 
ployed. 
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The excellent correlation between the response of skin temperature to 
operative anesthesia and lumbar sympathectomy (Fig. 7) demonstrates that it 
is possible to predict the effect of lumbar sympathectomy on the skin tem- 
perature of the toe, and Tables I and II indicate that the average error is less 
than 3° F. Since the maximum rise in skin temperature of the great toe 
occurs shortly after induction, one might consider anesthetizing a patient pre- 
operatively in order to determine the effect of sympathectomy, as was done 
by White.*? Cyclopropane would cause less discomfort to the patient than the 
other agents used in this study. We do not have data to show whether or 
not an intravenous barbiturate would be as effective as the anesthetic agents 
used here in producing vasodilatation. 


TABLE I. COMPARISON OF THE AVERAGE TEMPERATURES OF THE GREAT TOE AFTER REFLEX 
V ASODILATATION, TIBIAL NERVE BLOCK, OPERATIVE ANESTHESIA, AND LUMBAR SYMPATHECTOMY 
IN NINETEEN LOWER EXTREMITIES WITH OBLITERATIVE ARTERIAL DISEASE 








Cold room, preoperatively (68° F.—1 hour) ta 6F. 
Reflex heating (water—1l hour) 75.1° F. 
Tibial nerve block (maximum temperature) 80.3° F. 
Operative anesthesia (maximum temperature) 85.8° F. 
Cold room, postlumbar sympathectomy (68° F.—1 hour) 88.1° F. 





TABLE II. COMPARISON OF THE AVERAGE TEMPERATURES OF THE GREAT TOE AFTER TIBIAL 
NERVE BLOCK, OPERATIVE ANESTHESIA, AND LUMBAR SYMPATHECTOMY IN FORTY-ONE 
LOWER EXTREMITIES WITH OBLITERATIVE ARTERIAL DISEASE 








Cold room, preoperatively (68° F.—1 hour) 71.8° F. 
Tibial nerve block (maximum temperature) 82.9° F. 
Operative anesthesia (maximum temperature) 86.1° F 
Cold room, postlumbar sympathectomy (68° F.—1 hour) 88.8° F 





The point worthy of most emphasis is, in our opinion, the fact that it 
is possible to obtain a near maximal degree of vasodilatation in lower ex- 
tremities having advanced obliterative arterial disease in a short period of 
time by a method that produces a generalized vasodilatation. This should 
stimulate further search for new and simpler methods of producing vaso- 
dilatation in these extremities. 


CONCLUSIONS 


1. The correlation between the rise in skin temperature of the normal digit 
after heating the thorax and abdomen with warm air (Lewis) and after anes- 
thetization of the appropriate peripheral nerve is good in the upper extremities 
but poor in the lower extremities. 

2. The rise in skin temperature of the great toe of extremities with oblitera- 
tive arterial disease after immersing the hands and forearms in warm water 
(Gibbon and Landis), compares unfavorably with the rise after tibial nerve 
block and lumbar sympathectomy. 

3. The correlation between the rise in skin temperature of the great toe 
of extremities with obliterative arterial disease after tibial nerve block at the 
ankle and after lumbar sympathectomy was good in 55 per cent, and poor in 45 
per cent of the extremities studied. In the instances in which the correlation 
was poor, a better response was obtained after sympathectomy than after tibial 


nerve block. 
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4. An excellent correlation was obtained between the maximum tempera- 


ture of the great toe during operative anesthesia (ether, cyclopropane, and 
spinal) and the temperature of the toe three to thirty-nine months after lumbar 


sympathectomy. 


5. It is possible to produce a near maximal vasodilatation, as evidenced by 


changes in skin temperature, in the toe of an extremity with advanced oblitera- 
tive arterial disease in the presence of generalized vasodilatation. 


1, 


10. 
11. 
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THE ROLE OF SYMPATHECTOMY IN THE TREATMENT OF 
FROSTBITE 


Norman H. Isaacson, M.D.,* anp J. BLAINE Harrevi, M.D.** 
WASHINGTON, D. C. 


(From the George Washington Surgical Service, Gallinger Municipal Hospital) 


ONTROVERSY as to the best method of treating frostbite has existed at 

least since the Napoleonic invasion of Russia.t Because of lack of agree- 
ment concerning what factor is most important in the production of gangrene 
following frostbite, a variety of therapeutic measures, often direct antitheses 
of one another, have been advocated. Thus frostbite has been treated by 
exposing the injured part to a cold environment,?* by rapid thawing in a 
warm environment,’ and, as a compromise, by exposure to a cool but not cold 
atmosphere.* ® The use of plaster casts and pressure dressings,’® anticoagu- 
lants,“-!* rutin, 3“ 7° antihistaminie drugs,’*!" sympatholytic agents,® * ** and 
combinations of these have been suggested and their relative merits debated in 
the literature. 

The role of sympathetic blockade in the therapy of frostbite has gone 
through a similar controversy. For a long time it was condemned without 
trial as being harmful.?»?® Because the appearance of edema coincided with 
the stage of reactive hyperemia, it was thought that the increased blood flow 
was responsible for gangrene by enhancing the formation of edema. Others 
thought that the sympathetic nerves had been destroyed by the cold injury; 
therefore sympathetic interruption could have no effect at all. Evidence was 
shortly forthcoming, however, which suggested that blood flow is not at its 
maximum during the phase of so-called reactive hyperemia’® and that sym- 
pathetic vasoconstrictor nerve fibers often survive cold injury, even in the 
presence of inactivation of the other fibers in the same nerve bundle.?° Soon 
thereafter a number of reports appeared dealing with experiences gained from 
the use of sympathetic blocks early in the course of frostbite,?’-?> and a relatively 
smaller number of observations concerning the use of sympathectomy in similar 
eases.2°?8 The results can only be deseribed as equivocal and the need for 
further controlled study is obvious even from a casual survey of the literature. 

Unfortunately, controlled studies in frostbite are difficult of attainment. 
The outcome as to extent of gangrene and disability is impossible to predict from 
the initial injury in a given human being, and thus the influence of sympathec- 
tomy on the course of the disease becomes conjectural. In laboratory animals, 
not only is the response of a given animal to a given cold stimulus variable, but 
the response differs from animal to animal and from species to species. A 
similar statement can be made for the therapeutic procedure tested. For 
example, Finneran and Shumacker*® report that ganglionectomy is effective in 
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reducing the incidence and extent of gangrene in the frostbitten feet and tails 
of rats and in the dog’s foot, yet completely ineffective in the treatment of the 
frozen rabbit’s ear. How can we transpose these results to man? 

Because of the limited observations recorded in the literature and the need 
for further evaluation of the role of sympathectomy in the treatment of frost- 
bite, an experience with thirty-three cases of frostbite accumulated over a period 
of years at Gallinger Municipal Hospital will be presented. These patients are 
unique in that all thirty-three presented themselves with essentially bilaterally 
equal disease in both lower extremities, and in each case a wnilateral ganglionec- 
tomy was performed, leaving the untreated extremity as a control for evaluation 
of the sympathectomy. Some of these patients have been followed for several 
years, permitting long-term appraisal of results. 


MATERIALS AND METHODS 


In this series of thirty-three patients, twenty-eight were men, and twenty- 
three were Negroes. They ranged in age from 22 to 65 years with an average 
of 43 years. 

The histories in all these cases were so similar as to be stereotyped. The 
great majority of the patients sustained their injury after an alcoholic bout. 
Once thoroughly inebriated, the victim would craw] into an alley or into an 
unlocked parked ear to sleep off the effects of the aleohol. On a cold, wintry 
night, frostbite injury would be sustained and the patient would present him- 
self at the hospital one day to several weeks following the injury, in one of the 
various stages of frostbite. (This association of alcoholism with civilian frost- 
bite is exceedingly common in our experience. We believe it not only potentiates 
cold by increasing the chances of exposure in the manner described, but seems 
to predispose to freezing, perhaps by causing vasodilatation and stasis in skin 
capillaries.) An occasional patient presented himself after having frozen his 
feet while shoveling snow or after falling through the ice of shallow creeks. 
All injuries involved the lower extremities. 

The most striking feature on physical examination of these patients was 
that, regardless of the stage of the injury, from acute frostbite, to hyperemia, 
to gangrene, the damage was essentially equal bilaterally when first seen. It 
occurred to one of us (J. B. H.), therefore, to perform unilateral ganglionec- 
tomies on these patients, using the unsympathectomized extremity as a control 
in evaluating the results. Over the years this sizable series has accumulated, so 
that now several questions can be answered. 

1. Does early sympathectomy prevent or limit the extent of gangrene? 
Table I gives the results of twenty-four unilateral ganglionectomies performed 
prior to the onset of gangrene. Objectively, the treated extremity became 
noticeably warmer, even where the leg was in the hyperemic stage of frostbite. 
Where measurements were taken the extremity was 1° to 3° warmer than its 
partner, and oscillometric recordings showed increases of 10 to 50 per cent (this 
confirms the fact that blood flow is not at its maximum even in the hyperemic 
stage of frostbite’®). Otherwise there was no essential difference in the two 
sides. We noted no more rapid subsidence of edema, no more rapid demarcation 
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TABLE I. RESULTS OF LUMBAR SYMPATHECTOMY PERFORMED PRIOR TO ONSET OF GANGRENE 
| INTERVAL 
IN DAYS | 
BETWEEN | 
INJURY 
AND SYM- SIDE SYM- | EXTENT OF EXCISIONAL 
CASE AGE PATHEC- PATHEC- | SURGERY FOLLOWING 
NO. YEAR (YEARS ) SEX RACE TOMY TOMIZED | SYMPATHECTOMY 
1. 1939 36 M N 12 Left Local débridement of 
both feet. No am- 
putations 
2. 1939 48 M N 9 Left None 
3. 1940 38 M N 17 Left None 
4. 1940 52 M W 8 Right Bilateral transmetatar- 
sal amputation 
5. 1941 22 M W 9 Left None 
6. 1941 39 M N 9 Right Amputation of right 
fourth and fifth toes, 
left third and fourth 
toes 
?. 1941 55 M N 9 Right None 
4 1941 41 M N 6 Left Amputation of all toes, 
left. Débridement of 
right foot only 
9. 1942 42 M N 4 Right None 
10. 1942 50 M N 16 Left None. Subjective de- 
crease in pain in left 
leg 
11. 1943 48 M N 10 Right Amputation of little 
toe, right. No sur- 
gery on left side 
12. 1943 58 M N 8 Right None 
13. 1943 26 M N 19 Right None 
14. 1944 32 F N 9 Left Amputation of distal 
phalanges of all toes, 
bilaterally 
15. 1946 52 F N 7 Left Transmetatarsal ampu- 
tation, right. Super- 
ficial gangrene, left 
big toe, healed with- 
out surgery 
16. 1947 44 M N 19 Left None 
17. 1948 59 M N 18 Right Amputation of third, 
fourth, and fifth toes, 
right. No surgery, 
left 
18. 1948 65 M Ww 18 Left Amputation of all toes, 
left. No surgery, 
right 
19. 1949 48 F WwW 3 Left None 
20. 1950 38 M N 19 Left Amputation of third, 
fourth, and fifth toes 
bilaterally 
21. 1950 37 M Ww 14 Left None . 
22. 1951 46 M N 11 Right Bilateral transmetatar- 
f sal amputations 
23. 1951 60 M Ww 11 Left Amputation of first and 
second toes, left. 
Local débridement, 
right 
24. 1951 42 M N 9 Lett Local débridement of 





first and second toes 
bilaterally 
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of gangrene, and no essential difference in the amount of gangrene or the 
extent of amputative surgery required. In fact, where differences existed (Cases 
8, 15, 17, 18, and 23) the better results were seen in the untreated extremity. 
In all fairness, however, it should be stated, that where slight differences in 
the extent of frostbite injury were present, the tendency was to perform: 
ganglionectomy on the worse side, hence the slight difference in results is not 
statistically significant. It should be noted that though sympathectomy was 
delayed until nineteen days after injury in some eases, gangrene was not as yet 
evident. 

Subjectively, the patient, too, noted that the treated extremity was 
warmer, but, aside from one patient who noted decreased pain in the sympathec- 
tomized leg, the patients denied any noticeable subjective difference in sensation 
between the two extremities. Two patients had neuritic pain radiating down 
the treated leg, and in one it was accompanied by a paresis of the quadriceps 
group of muscles. In both cases these symptoms subsided in a few weeks. 

2. Does sympathectomy promote quicker healing once gangrene has 
occurred? Table II presents the results of unilateral sympathectomy in nine 
patients who already presented gangrene of varying extent involving their 
lower extremities. We noted no essential difference between the two extremities 
in the length of time it took for healing to take place. In two cases where dif- 
ferences existed (Cases 26 and 30) the sympathectomized extremity healed more 
promptly in one, the control in the other. In the first group, where sympathec- 
tomy was performed prior to the onset of gangrene, again no essential difference 
could be noted in those cases where gangrene developed and amputation be- 
came necessary. The patients spent an average time of fifty-one days in the 
hospital following sympathectomy, before healing was sufficiently complete for 
discharge. 

3. Does sympathectomy protect against future frostbite? Seven patients 
from this group of thirty-three had ten subsequent admissions to Gallinger 
Municipal Hospital for repeated frostbite usually sustained in a manner similar 
to their initial injury. The results are tabulated in Table III. On these sub- 
sequent admissions no subjective or objective difference could be noted between 
the two extremities. Oscillometrie and skin temperature readings showed no 
essential dissimilarity between the treated and the control sides, though a 
marked difference was present at the time of previous discharge. The extent of 
injury sustained in the repeated frostbite was essentially the same in seven 
of the ten admissions, in two it was greater on the control side, in one on the 
treated side. Sympathectomy, therefore, does not protect against repeated 
exposure to cold injury. 

4. Of what value is sympathectomy in the treatment of the sequelae of 
frostbite? The late manifestations of frostbite fall into three principal groups 





disturbances of cutaneous sensation, inadequate circulation, and pain on use.”° 

The disturbances of sensation are of two kinds, both often being present 
in the same patient. In all but the mildest cases there is some residual 
anesthesia or hypesthesia of the skin. It may involve the entire leg to the knee, 








814 ISAACSON AND HARRELL Surgery 


June, 1953 






but it is usually confined to the plantar surface in the region of the ball of the 
foot. It may range from complete insensibility to simple dissociation of tempera- 
ture and pain sense. 

The second type of disturbance of sensation is hyperesthesia. It may be 
found in zones adjacent to anesthetic areas or it may exist alone. It consists of 















































































TABLE II. RESULTS OF SYMPATHECTOMY PERFORMED AFTER THE ONSET OF GANGRENE 
— INTERVAL 
IN DAYS 
BETWEEN EXTENT OF 
INJURY GANGRENE 
AND SYM-| PRIOR TO SIDE SYM- | 
CASE AGE PATHEC- | SYMPATHEC- PATHEC- 
NO. | YEAR |(YEARS)| SEX | RACE TOMY TOMY TOMIZED | RESULT 
25. 1940 52 M Ww 48 All toes on Right Transmetatarsal 
both feet amputations short- 
ly after sympathec- 
tomy. Equal heal- 
ing in 56 days 
26. 1941 48 M WwW 30 All toes, medi- Left Lisfrane amputa- 
al aspect of tion, left, Excision 
foot, left. of distal phalanges 
All toes of toes, right. 
right Right side healed 
in 42 days, left in 
57 
27. 1942 42 M N 42 All toes on Right Amputation of all 
both feet toes at time of 
sympathectomy. 
Equal healing in 
32 days 
28. 1942 43 M N 35 All toes on Left Amputation of all 
both feet toes at time of 
sympathectomy, 
Equal healing in 
29 days 
29. 1948 34 F WwW 32 All toes on Left Amputation of all 
both feet toes at time of 
sympathectomy. 
Equal healing in 
27 days 
30. 1948 42 M N 27 All toes on Left Amputation of all 
both feet toes at time of 
sympathectomy. 
Left side healed in 
56 days, right side 
in 87 days 
31. 1948 29 M N 50 All toes on Left Amputation of all 
both feet toes at time of 
sympathectomy. 
Equal healing in 
65 days 
32. 1950 34 M N 29 All toes on Right Amputation of all 
both feet toes at time of 
sympathectomy. 
Equal healing in 
45 days 
33. 1952 34 F WwW 18 Tips of toes, Left Débridement and ex- 
both feet cision of tips of 
terminal phalanges 
of first and second 
toes bilaterally. No 
essential difference 
in healing in 66 
days 
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hyperirritability to ordinary stimuli. The plantar reflex is exaggerated; the 
patient is annoyed by the weight of bedelothes or by walking. The patient’s 
reactions to this disability varies; some scarcely notice it, others complain of 
severe pain. 

Trophic ulcers may be present. Though commonly appearing on the ball 
of the foot, they can be present on the dorsum, or around the ankles. 



































TABLE III. Errect or SYMPATHECTOMY ON RECURRENT FROSTBITE 
YEAR OF 
YEAR OF SYM- | SIDE OF SYM- REPEATED | 
CASE NO. | PATHECTOMY | PATHECTOMY FROSTBITE RESULT 
1. 1939 Left 1940 Frostbite, both feet; gangrene 
and amputation of third toe, 
left 
3. 1940 Left 1942 Gangrene, right big toe, requir- 
ing amputation 
1946 Gangrene, both feet; all toes 
amputated, bilaterally 
25. 1940 Right 1941 Severe frostbite, both feet; mid- 
thigh amputation, left; B-K 
amputation, right 
1942 Severe frostbite, right leg; mid- 
thigh amputation, right 
27. 1942 Right 1943 Gangrene of feet; bilateral Lis- 
france amputation 
13. 1943 Right 1947 Gangrene of toes; bilateral trans- 
metatarsal amputation 
15. 1946 Left 1947 Frostbite, both feet; no gangrene 
16. 1947 Left 1948 Gangrene, both feet; bilateral 
transmetatarsal amputation 
1950 Gangrene, both legs; bilateral 
B-K amputation 
TABLE IV. SYMPATHECTOMY IN THE LATE TREATMENT OF FROSTBITE 
INTERVAL | 
BETWEEN | 
ORIGINAL | 
AGE OF| INJURY | SYMPTOMS AND EXTREMITY 
CASE PATIENT AND SIGNS BEFORE SYMPATHEC- 
NO. |( YEARS) OPERATION OPERATION TOMIZED | RESULT 
1. 52 4 years Paresthesias; ulcer- Right; left,2 Excellent. Ulcers healed 
ation of feet; sus- months later promptly. Paresthesias 
ceptibility to cold disappeared. Circulation 
improved 
2. 48 31 years Paresthesias; sus- Left Good. Most of symptoms 
ceptibility to cold; disappeared. Leg warm- 
coldness, numbness er, circulation improved 
of feet 
3 45 1 year Cold, painful feet Left; right, 1 Excellent. Symptoms dis- 
month later appeared 
4, 43 4 years old, painful feet; Left; right,2 Excellent. Ulcers healed 
trophic ulcers months later promptly. Feet became 
warm and nonpainful 
5 34 3 months Paresthesias; numb- Right; left,2 Good. Disappearance of 
ness and coldness months later symptoms 
6 53 2 years Paresthesias; ulcer- Right; left, 2 Excellent. Stumps 
ation over stumps months later promptly healed. Symp- 
of amputated toes toms disappeared 
7 37 3 months Paresthesias in soles Left Foot warmer but paresthe- 


of feet 


sias continued. Disap- 
peared spontaneously in 
both feet after two 
months’ bed rest 
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Evidence of inadequate circulation is manifested by attacks of pallid or 
blue cyanosis on exposure to slight cold. Hyperhidrosis may be present. At 
varying periods during the day, particularly in the early morning, the feet are 
cold, wet, and pallid, and beads of perspiration stand out across the dorsal sur- 
face. Less frequently, intermittent claudication has been noted. 

Pain in the feet on walking, deep seated in origin and dull and aching in 
character, is the principal disabling factor. It is brought on by weight bearing 
and is relieved by rest.?® Fortunately, it is relatively rare in frostbite. 

It is in the treatment of these late sequelae of frostbite that sympathectomy 
has its greatest application.?® 2° Table IV presents our experience with seven 
patients who presented themselves three months to thirty-one years after cold 
injury, with one or more of the chronic sequelae enumerated above. In all 
patients the feet became subjectively and objectively warmer following ganglio- 
nectomy, the skin temperatures increasing 2° to 4° by actual measurement and 
oscillometric readings by up to 40 per cent. In one patient (Case 7) paresthesias 
continued in the sympathectomized extremity but disappeared spontaneously 
two months later. Sympathectomy in this case might have been performed too 
early. In all other cases results were described as good or excellent; ulcers dis- 
appeared, circulation improved, and symptoms subsided. As proof of the 
efficacy of the procedure, results were so impressive that sympathectomy was 
proceeded with in the control extremity in five of the six cases, with similar 
spectacular results. 


SUMMARY AND CONCLUSIONS 


The role of sympathectomy in the treatment of frostbite has long been a 
subject for debate. To clarify the situation, an experience with thirty-three 
eases of unilateral ganglionectomy performed for essentially bilaterally equal 
frostbite injury is reported. Using the untreated extremity as a control, certain 
conclusions as to the efficacy of the procedure can be drawn. 


Sympathectomy does not prevent or limit the extent of gangrene when 
performed early, nor hasten healing once gangrene is established. It does not 
protect the extremity against repeated cold injury. It has its greatest usefulness 
in the treatment of the late sequelae of frostbite where it has healed chronic 
uleers, relieved paresthesias and pain, and improved circulation. 
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HE introduction of anesthetic solutions into the epidural space through 

a plastic catheter is a practical method for interrupting impulses traversing 
the sympathetic nerves. With this method we have successfully provided 
sympathetic interruption for periods of one to seven days in thirty-six patients 
being treated for a variety of conditions. This paper will discuss our experi- 
ences with this group of patients and will serve to emphasize the practicability 
of this method of sympathetic block. 
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In 1885 Corning introduced a cocaine solution into the epidural space of 
dogs. He used this as a therapeutic measure in human beings, but his accounts 
are vague and it is not certain whether he used an extradural or an intradural 
puncture. The first extradural anesthetic injection for surgical purposes was 
made into the sacral canal by Cathelin in 1900. The works of Liawen in 1910 
advanced the popularity of this method. Liawen and Hannecart attempted to 
obtain extradural anesthesia above the sacral level by placing the patients in 
the Trendelenburg position during injection into the saeral canal. In about 
30 per cent of their cases they were able to produce anesthesia up to a high 
thoracie level. Sieard introduced lipidol into the epidural space at various 
levels for diagnostic purposes, but it was not until 1921 that an anesthetic 
agent was placed in this space above the sacral canal. Pages, a Spanish surgeon, 
utilized this method in the thoracic and lumbar regions in a few eases. Dogliotti, 
of Italy, and Gutierrez, of Argentina, popularized this method of anesthesia 
and placed it on a sound basis in 1931 and 1932, respectively. In this country 
Hingson, Cleland, and Odom deserve credit for its development. 

A continuous method of administration was first used in the caudal canal 
by Hingson and Southworth in 1942. In 1944 they reported their experiences 
with a continuous lumbar method. They preferred continuous administration 
through a needle left in the epidural space to the catheter technique. In 1945 
Tuohy developed the Huber point needle and his catheter technique for con- 
tinuous spinal administration was utilized in the epidural space by Carbelo in 
1947. Cleland, in 1949, advised leaving the catheter in place during the early 
postoperative period so that analgesia could be obtained without the use of 
nareoties and thus provide painless early ambulation. 
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There are only a few reports of the use of continuous epidural analgesia 
for purposes other than an anesthetic technique. In his paper on its use in 
early ambulation, Cleland states he has successfully treated several cases of 
thrombophlebitis with continuous caudal analgesia. Hingson and Southworth 
have used the continuous caudal technique to treat patients with thrombophle- 
bitis and cases with all types of organic and vasospastic peripheral arterial dis- 
eases. Ruben has used a continuous drip technique in the caudal canal in 
treating similar cases. Orr and Warren have reported a case of acute pan- 
creatitis treated with continuous epidural analgesia. Lachman recently de- 
scribed his experiences with this technique in eases of acute pancreatitis. 


ANATOMY 


For details of the anatomy and physiology of the epidural space, the 
classical work of Dogliotti should be consulted. This space surrounds the dural 
sac from the occipital foramen down to the conus terminalis and continues 
below this as the sacral canal. It is closed above by the fusion of the dura with 
the occipital bone posteriorly and by the odontoid process of the axis anteriorly. 
It terminates below within the sheath of the sacrococeygeal membrane. Later- 
ally it communicates with the intervertebral foramina, through which the 
peridural tissue is continuous with the paravertebral tissue. It continues to the 
periphery with the nerve trunks as perineural connective covering. It can be 
distended easily posteriorly with injected fluid, but anteriorly this space is 
smaller because the dura adheres closely to the posterior surfaces of the bodies 
of the vertebra and intervertebral dises. Laterally, injected fluid readily passes 
through the intervertebral foramina into the paravertebral tissue, where it 
bathes the spinal nerves, their dorsal and ventral roots, and the communicating 
branches of the sympathetic system. An anesthetic agent injected into the 
epidural space will anesthetize somatie nerves and in addition will block pre- 
ganglionic and postganglionic sympathetie fibers. The preganglionic fibers 
are blocked in the ventral roots and in the white rami communicantes. The 
postganglionic fibers are anesthetized in the gray rami and in their peripheral 
course with the somatic nerves. 

Dogliotti has shown that fluid injected into this space diffuses up and down 
and passes laterally along the course of the spinal nerves. This diffusion is in 
proportion to the quantity of fluid injected and the speed of injection. Twenty 
eubie centimeters is dispersed over five to seven vertebral segments above and 
below the point of injection. The space exhibits a negative pressure when pune- 
tured. This facilitates its recognition. 


TECHNIQUE 


The technique of epidural puncture has adequately been described by 
Dogliotti, Cleland, Hingson, Carbelo, and others. We use a blunted Tuohy 
needle with a Huber point and recognize the epidural space by the give when 
the ligamentum flavum is punctured. The blunted point makes the puncture 
of the ligamentum flavum easier to recognize and decreases the chances of 
puncturing the dura. The location of the needle in the space is confirmed by 
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the ease with which fluid can be injected into it, in contrast to the resistance 
of injecting fluid into the ligamentum flavum. A plastic catheter is then in- 
serted through the needle and directed to the level desired (see Fig. 1). 

For sympathetic interruption of upper abdominal viscera we insert the 
needle between the sixth and seventh or the seventh and eighth thoracic 


wae 4. 


Fig. 2. 


Fig. 1.—Technique of passing plastic catheter through a Tuohy needle which has been in- 
serted in the epidural space. The needle is inserted in the sixth thoracic interspace to obtain 
an upper abdominal block. 

Fig. 2.—Method of holding the catheter in place. Note the catheter is not strapped to 
the skin. 
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vertebrae, and advance the catheter up to the level of the sixth thoracic segment. 
This provides sympathetic block for the area innervated by the splanchnic 
nerves. For sympathetic block of the lower extremities we enter the space 
in either the second or third lumbar interspace and place the catheter at the 
level of the first lumbar segment. We have not used the caudal approach except 
for control of postoperative pain following anorectal surgery. 

With the caudal technique we were able to produce hypesthesia over upper 
lumbar dermatomes in only about 50 per cent of the cases. Accordingly, we 
have preferred the direct lumbar method when sympathetic block is desired 
for the lower extremities. Fifteen to twenty-five cubie centimeters of 0.15 
per cent Pontocaine Hydrochloride is injected every two to four hours through 
the catheter, as the situation demands. We find that this agent in these 
quantities provides sympathetic interruption with only partial somatic sensory 
anesthesia and no motor anesthesia. The sensations of pinprick and tempera- 
ture are diminished, while the sensation of light touch and position sense are 
preserved. 

The decrease in the sensation of pinprick is utilized to determine the area 
blocked. With the exception of the extremities, the sympathetic dermatomes 
correspond closely with the somatic dermatomes so the area of sympathetic 
block is localized. In the lower extremities, if analgesia is present over the 
upper lumbar dermatomes, it can be assumed that sympathetic interruption to 
the legs has been provided. Skin temperature studies before and after lumbar 
epidural injections have verified this. In several patients without arterial 
peripheral vascular disease the skin temperature of the toes increased ten 
or more degrees (centigrade) after blocking. Tests were done with room 
temperatures between 17° and 20° C. Sweat tests have been done upon several 
patients. In most, the areas of anhidrosis have been well outlined and conform 
to the areas of hypesthesia. In one ease with high thoracie block the areas were 
patchy, indicating an incomplete sympathetic interruption. Sensory anesthesia 
was present in this case from the nipple to the toes. In another case with a 
high thoracic block, hypesthesia was present from the nipple down, but an- 
hidrosis commenced just below the umbilicus. 

At times, hypesthesia and increase of skin temperature may be noted to 
be predominately unilateral after an injection. This means that the catheter 
is lying to that side in the epidural space. The situation ean be corrected by 
slightly withdrawing the catheter. If this maneuver fails to give a bilateral 
effect when one is desired, a small amount of anesthetic solution can be in- 
jected through the catheter as it is being reinserted. This will distend the 
space and aid in proper positioning of the catheter. 

The catheter is not anchored to the skin. Strapping the catheter to the 
back with adhesive tape may cause it to break or work itself out of the epidural 
space. Fixing the catheter to the skin does not allow leeway for flexion and 
extension of the back. A gauze ring is placed about the plastic tube and is 
anchored to the skin. The catheter is wound up inside this ring and a surgical 
sponge placed over it. Adhesive is then placed over the ring (Fig. 2). 
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Penicillin is added to the Pontocaine Hydrochloride solution and sterile 
precautions are taken with each injection into the tubing. 

The catheters may be safely left in place for three days. If block is de- 
sired for a longer period, the catheter is removed and another inserted in an 
adjacent interspace. Contact with tissue fluids for more than three days causes 
brittleness and loss of translucency of the plastic catheters. 

The injections are painless in most patients. Occasionally, some patients 
complained of pain in the back after the second or third day of treatment. 
In some of these the tube had slipped from the space; its tip was lying in the 
ligamentum flavum. In others the catheter proved to be within the epidural 
space, and the pain on injection subsided when the catheter was removed and 
another inserted in an adjacent interspace. 

There has not been a complication referrable to the technique of constant 
epidural block in any of our thirty-six eases. 

For surgical anesthesia with epidural technique we use 1 per cent Xylo- 
eaine. A total dose of 20 to 30 e.c. usually suffices. We consider epidural 
anesthesia the agent of choice for amputations, skin grafts to the lower ex- 
tremities, and in upper abdominal surgery in the poor risk patients. If an- 
other agent is used we insert an epidural tube immediately following the opera- 
tion in such eases. Sympathetic block may aid wound healing following ampu- 
tation if circulation is decreased by arterial disease. It may aid in the takes 
of skin grafts. The postoperative course of poor risk patients following upper 
abdominal surgery is certainly simplified. Pain ean be adequately controlled 
without nareoties. The cough reflex is preserved and uninhibited by pain, so 
that the chances for atelectasis are decreased. 


ANALYSIS OF CASES 


Thrombophlebitis—Seventeen patients with femoral or iliofemoral throm- 
bophlebitis have been treated. These cases were characterized by pain, swelling, 
and tenderness in the extremity. Increased heat of the extremity, fever, leuko- 
eytosis, and increased perspiration of the foot were present in some instances. 

Cases of phlebothrombosis and postoperative thromboembolism are not in- 
eluded in this group. We treated a few such cases with epidural blocks, but 
anticoagulant therapy has been preferred for these patients. 

Ochsner has established the value of sympathetie block for thrombophle- 
bitis. He has demonstrated that vasospasm occurs and that edema, pain, and 
fever quickly subside when the sympathetic fibers are anesthetized. He recom- 
mends lumbar ganglion blocks which are repeated until there is no evidence of 
sympathetie hyperactivity. 

Repeated lumbar ganglion blocks become painful and therefore are fre- 
quently halted before the patient’s condition has subsided. For practical rea- 
sons these blocks can seldom be performed more often than every six hours. 
Continuous epidural block provides sympathetie interruption without repeated 
needle insertions and gives a constant block. Its effect is bilateral. This is a 
distinct advantage when thrombophlebitis involves both legs. 

Pain and tenderness are relieved immediately after the initiation of the 
block. During the first day of treatment the pain usually returns about two 
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or three hours after each injection and serves to indicate how often injections 
should be made. On the second or third day of treatment pain begins to sub- 
side, returning about six to eight hours following injections. The cessation of 
pain indicates that the injections can be stopped and the tube removed. In 
addition to pain, edema of the extremity has been a constant finding among our 
patients. In all but two patients treated, the edema has completely cleared 
within four to seven days after initiating therapy. Decrease in size of the 
leg is noted in forty-eight hours and usually the leg is of normal size by the 
fourth or fifth day. In some eases four or five days of treatment were re- 
quired before the swelling began to clear. Decrease of swelling ordinarily 
parallels improvement in pain. Increased heat of the extremity, fever, and 
leukocytosis, when present, usually subside within forty-eight hours. 

In the two eases in which the swelling did not completely subside, improve- 
ment was obtained after a few days of therapy. Both these patients proved 
to have marked deep venous obstruction which was felt to be responsible for 
the residual swelling. 

In several of the cases good results were obtained with epidural block with- 
out additional supportive treatment. Usually general measures of rest, eleva- 
tion, and elastic wrappings were used. When indicated, antibiotics and anti- 
coagulants were given. Five of the patients had received anticoagulants prior 
to the initiation of the epidural block, and in one ease anticoagulants were 
started five days after the block was performed. 

We feel that sympathetic block prevents vasospasm, which is responsible 
for most of the disability in thrombophlebitis. It does not prevent thrombo- 
phlebitis, but it is advantageous in its treatment. 

Pancreatitis—Four patients with pancreatitis have been treated with con- 
tinuous epidural analgesia. Two of these patients had acute edematous pan- 
ereatitis. Two patients with chronic relapsing pancreatitis were treated during 
an attack. In three of the cases the serum amylase was elevated over 450 units, 
normal being 60 to 120 units. 

One patient with pancreatic caleuli and far-advaneced bilateral pulmonary 
tuberculosis had a normal serum amylase repeatedly during an attack. He 
was the sickest of the group. He had been acutely ill with upper abdominal 
pain, vomiting, and fever for three weeks prior to admission. He was ex- 
quisitely tender in the upper abdomen and was having referred pain to both 
shoulders. The upper abdominal musculature was spastic. Pain was immedi- 
ately controlled with epidural analgesia and with four days of therapy the 
pain subsided. The tube was removed and the patient remained free of pain. 
General measures to place the pancreas at rest were employed. Banthine and 
antibiotics were given. Ten days after admission he spontaneously drained an 
intraperitoneal collection into the bowel, and then gradually recovered from 
the attack. 

In all the cases pain was immediately relieved when the block was _ per- 
formed. This relief of pain was dramatic, and was maintained without the use 
of nareotiecs. The patients who had had previous attacks could not believe their 
discomfort was so easily and promptly relieved. Serum amylase values re- 
turned to normal in three, five, and six days, respectively, in the cases in which 
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it was elevated. In these cases the temperature became normal within four days. 
Upper abdominal muscle spasm subsided within forty-eight hours. 

From this group of patients it is impossible to tell if the course of the 
disease was affected by sympathetic block. Pain was relieved without narcotics; 
thus, morphine, with its spastic effect on the sphincter of Oddi was avoided. 

Acute Cholecystitis—Two cases of acute cholecystitis have been treated with 
high continuous epidural blocks. These patients were 72 and 75 years old, re- 
spectively; both poor risk patients and acutely ill, with temperatures of 104° 
to 105° F. Prompt operation would have been hazardous. Both patients had 
large, tender, palpable gall bladders, and both complained of moderately severe 
upper abdominal pain. The pain was promptly relieved by the block and by the 
continuous technique controlled without narcotics. General supportive meas- 
ures were instituted. In both the temperature was normal in forty-eight hours 
and their general condition had improved. In one ease the gall bladder could not 
be palpated after twenty-four hours of treatment, but became palpable on the 
fourth day of the illness. In the other ease the gall bladder remained palpable. 
Both patients were operated upon when their general condition permitted. 

With this limited experience no conclusions can be made on the rationale 
of sympathetic block for the treatment of acute cholecystitis. These cases in- 
dicate that the course of the disease is not affected because the gall bladders 
remained palpable while sympathetic interruption was being maintained. We 
feel blocks are justified in the poor risk patients, for they adequately control 
pain and thereby simplify supportive therapy while the patient is being pre- 
pared for operation. There may be a beneficial effect of relieving spasm in the 
biliary system. 

Frostbite—The value of sympathetic block for the treatment of acute 
frostbite has been established. Recently Shumacker reported cases treated by 
lumbar ganglionectomy for acute frostbite. Continuous epidural block pro- 
vides sympathetic interruption which ean be maintained during the crucial 
phase. Its bilateral effect is an advantage because in so many instances both 
extremities are involved. We have treated two eases of frostbite. In both, 
demarcation was apparent in forty-eight to seventy-two hours, and the edema 
and erythema were beginning to subside within one week. One case subse- 
quently required bilateral below knee amputations and the other required an 
amputation of the distal phalanx of the right first toe. 

Posttraumatic Vasomotor Dystrophy.—Patients with this disorder were eval- 
uated by giving a single epidural injection to determine its effect upon their 
pain. In several instances this gave permanent relief. If pain returned follow- 
ing the epidural block, the patient subsequently received a lumbar ganglion 
block. This was done as a differential test. Epidural block causes a partial 
somatic sensory analgesia in addition to the sympathetic interruption, while a 
properly performed ganglion block anesthetizes only sympathetic fibers. Pain 
due to sympathetic reflexes would be relieved by both, but pain due to somatie 
reflexes would not be affected by a ganglion block. 

A few patients were tested with both procedures, but the results were 
equivocal. One patient studied had had a compound fracture of the tibia 
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and fibula four years previously. He complained of deep pain in the leg and 
foot. Hyperhidrosis was present about the foot and ankle. An epidural block 
relieved the pain, but lumbar ganglion block did not. Hyperhidrosis was con- 
trolled temporarily by both. Epidural block was maintained for three days, 
but pain returned soon after it was discontinued. A lumbar sympathectomy 
was performed and the patient’s symptoms were relieved. The preoperative 
studies indicated that the pain involved somatic reflexes. The good result follow- 
ing lumbar sympathectomy was unexpected. Other patients studied were 
relieved by both procedures, indicating that their pain was due to reflexes in- 
volving the sympathetic nervous system. 

When pain persisted after epidural and ganglion blocks, the patients were 
treated for a seventy-two to ninety-six hour period of continuous epidural 
block. This gave permanent relief of pain to some, and in others a long re- 
mission was obtained. If pain returned, a sympathectomy was performed. 

Patients with posttraumatic vasomotor dystrophy characteristically obtain 
relief from pain when they are treated soon after injury. The disorder is 
usually prevented when the injury is initially treated properly. If the vaso- 
motor reflexes with pain, redness, swelling, ete., occur, early injection of Novo- 
caine in the injured area often corrects the situation. When the reflex dys- 
trophy is of a longer duration, sympathetic blocks may produce a remission or 
give permanent relief. In severe, long-standing cases, sympathectomy may be 
only of limited value. Procedures such as rhizotomy and eordotomy have failed 
to relieve some of these cases. If the vasomotor dystrophy reflexes are inter- 
rupted early, the disabling features of the syndrome are prevented. Since in- 
termittent sympathetic blocks frequently break up these reflexes, a continuous 
sympathetic block for a short period should be more effective. 

Miscellaneous.—Continuous epidural analgesia for sympathetic interruption 
was employed for a few eases of paralytic ileus, dumping syndrome, and acute 
arterial thrombosis. No conclusions can be made, the results obtained were not 
impressive. The cases of ileus were also treated with gastric suction and colon 
lavage and responded as expected. The vasomotor components of the dumping 
syndrome were controlled while the block was in effect, but other manifestations 
of the syndrome were unaffected. All symptoms returned as soon as the blocks 
were discontinued. 

Two cases of acute femoral arterial thrombosis were treated. Gangrene 
developed in both and amputation was necessary. Epidural block is an ideal 
method of producing sympathetic block in these cases where everything pos- 
sible should be done to encourage collateral circulation. A constant effect can 
be maintained during the crucial period, thus emergency ganglionectomy can 
be avoided. 

Single epidural injections have been given to several patients with arterio- 
sclerotic peripheral vascular disease to determine skin temperature response to 
sympathetic block. We prefer epidural block to ganglion block for this study, 
because the effect upon both legs can be determined without doing a bilateral 


block. 








826 THISTLETHWAITE, EDISON, GRUENWALD, AND HARRISON Surgery 


June, 1953 


SUMMARY 


A brief review of the history of epidural analgesia, the anatomy of the epi- 
dural space, and the technique of continuous epidural analgesia has been given. 

Experiences with patients treated with continuous epidural block have 
been presented. 

Continuous epidural analgesia is a safe and practical method of producing 
sympathetic block. With this technique a constant sympathetic block can be 
maintained for several days. 
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SOME EFFECTS OF CORTISONE ON AORTIC GRAFTS 
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(From the Naval Medical Research Institute and the Tissue Bank, Naval Medical School, 
National Naval Medical Center, Bethesda, Md.) 


INTRODUCTION 


HE practicability of homologous arterial transplantation has been dem- 

onstrated experimentally by Carrel’? and more recently by several work- 
ers.** However, approximately one-fifth of such transplants show unsatisfac- 
tory results despite various described methods of procurement, storage, and 
transfer. These failures have been due to varying degrees of intimal degen- 
eration, to thrombosis, to surrounding inflammatory response with deposition 
of fibrous tissue, and to rupture of the graft site. 

It has been generally appreciated that these complications occur more fre- 
quently with the use of homologous grafts than with the use of autografts. We 
have postulated that antigens of individual specificity may contribute to the 
increased incidence of complications in homologous aortie transplants. Since 
cortisone is believed to decrease the antigenic response of many tissues, 
notably connective tissue,**!? the present study was undertaken to determine 
the effects of cortisone on aortic homografts in dogs. 


MATERIALS AND METHODS 


Twenty-one adult male mongrel dogs, maintained on a diet of commercial 
dog food and frozen horse meat, were employed as subjects. 

Fresh aortic grafts obtained immediately after death from sacrificed dogs 
and frozen homografts preserved for three to eleven months were used in 
this study. The frozen grafts were immersed in liquid nitrogen at about —196° 
C. for approximately fifteen seconds and then stored in a commercial deep- 
freeze unit kept at —72° C. by dry ice. 

The grafts, 2 to 4 em. in length, were implanted between the renal ar- 
teries and aortic trifureation after excision of a slightly shorter segment of the 
aorta. Continuous everting mattress sutures of 00000 arterial silk were used 
for the anastomosis. 

No anticoagulants were used. Only one animal received antibiotics. 

Received for publication, July 9, 1952. 
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The animals were divided into the following groups: 


Group A (Control).—These animals had fresh homologous aortic grafts 


and received no medication. 
Group B (Control).—Frozen grafts were used in these dogs. No medica- 


tion was given. 

Group C (Experimental).—Animals in this group had fresh grafts and 
were given cortisone. 

Group D (Experimental).—These dogs had frozen grafts and received 
cortisone. 

Those dogs receiving cortisone were given 3 mg. per kilogram of body 
weight per day for two days preoperatively and for fourteen days postop- 
eratively. The drug was injected intramuscularly in two equal daily doses. 
Potassium chloride, 10 Gm. to five quarts of water, was added to the drinking 
water of the treated dogs. 

All dogs were carefully observed postoperatively for hind-quarter gross 
neuromuseular function and skin temperature and moisture. The animals 
which survived were anesthetized after eight weeks and the operative site 
was exposed. Pulsations were observed at, above, and below the graft site. 
The amount of surrounding reaction and fibrosis was noted. The animals 
were then sacrificed and the entire graft site removed en bloc. The aorta was 
incised longitudinally and fixed in buffered 10 per cent formalin solution. The 
grafts were sectioned and stained with hematoxylin and eosin, trichrome, and 
Verhoeff’s elastic tissue stain. 

RESULTS 


The graft results were arbitrarily classified as failure, poor, good, or ex- 
cellent on the basis of hind-quarter gross function, pulsations observed at the 
second operation, and gross and microscopic appearance of the graft. The sur- 
rounding reaction was graded as 0 to +++. Thrombosis was similarly graded. 
A + represents macroscopically visible thrombosis, less than 3 mm. in all dimen- 
sions (Fig. 1); ++ represents a thrombus greater than 3 mm., but which does 
not grossly affect the effective cross-section area of the aorta; +++ represents 
thrombosis which definitely diminishes the effective cross-section area without 
showing clinical evidence of decreased blood-flow (Fig. 2) ; while +444 denotes 
complete thrombosis. The results in each animal are shown in Table I. 

An analysis of the results appears in Table II. In this table, the deaths 
due to graft failure are separated from those attributed to other causes. 

As seen in Table II, the only statistically significant difference between 
the control and experimental groups is the amount of fibrous tissue reaction 
surrounding the graft. There is no significant difference in the frequency or 
extent of thrombosis. The gross condition of the grafts themselves, however, 
was practically identical. In each group, approximately one-half of the grafts 
were classed as excellent, one-fifth as good, and one-fourth failures. Total 
mortality in the control groups was 18 per cent as compared to 60 per cent in 
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Fig. 2. 
Fig. 1.—Cortisone-treated dog. 
Fig. 2 


Graft shows + thrombosis at suture lines. 
.—Control dog. Graft shows +++ thrombosis. 
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TABLE I. RESULTS OF FRESH AND FROZEN GRAFTS; UNTREATED AND CORTISONE TREATED 
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SURVIVAL CONDITION 
DOG. NO. ( WEEKS ) CAUSE OF DEATH OF GRAFT REACTION | THROMBOSIS 
Group A (Fresh Control) 
] 8.0 Sacrificed Excellent +++ 0 
2 1.5 Hemorrhage Failure 0 0 
7 8.0 Sacrificed Poor +4+4++ 0 
12 8.0 Sacrificed Good + +++ 
13 8.0 Sacrificed Excellent + 0 
14 8.0 Sacrificed Good +++ 
Group B (Frozen Control) 
8 0.5 Hemorrhage Failure + 0 
15 8.0 Sacrificed Excellent + +4 
17 8.0 Sacrificed Excellent + 0 
18 8.0 Sacrificed Excellent + 0 
20 8.0 Sacrificed Excellent i 0 
Group C (Fresh Cortisone) 
24 8.0 Sacrificed Excellent 0 0 
30 8.0 Sacrificed Excellent 0 () 
31 1.5 Hemorrhage Failure + 
32 1.5 Hemorrhage Excellent 0 0 
Group D (Frozen Cortisone) 
22 0.3 Anesthesia (?) Good 0) 4 
23 8.0 Sacrificed Excellent + + 
25 1.0 Hemorrhage Failure 0) 0 
26 0.5 Pneumonia Excellent () 0 
27 8.0 Sacrificed Excellent () + 
28 2.0 Gas gangrene of al- Good 0 
dominal wound, left 
hind leg, abdominal 
wall. Thrombo- 
phlebitis, both 
femorals and inf. 
vena cava 
TABLE II. ANALYSIS OF THE GRAFT RESULTS 
CONDITION OF GRAFT | MORTALITY | wintetiine 
| EX- GRAFT 
| CELLENT| GOOD POOR FAILURE | OVERALI. REACTION | THROMBOSIS 
Group | No.| % | NO.| % | NO.|% | NO.| % | No.| % | NO.| % | MEAN | NO. | % | MEAN 
Controls 
A-Fresh 2 33 2 33 1 17 1 17 1 17 5 62 2.0 2 67 0.8 
B-Frozen 4. 80 0 0 0 0 1 20 1 20 5 100 1.0 1 20 0.4 
6 55 2 18 1 9 2 18 2 18 10 941 1.5 3 27 0.6 
Treated 
C-Fresh 2 50 0 0 0 0 2 50 2 50 1 2 0.3 0 0 O 
D-Frozen 3 50 2 33 0 0 L de 4 67 x a 0.2 4 67 0.8 
5 50 2 20 0 0 3 33 6 60 2 20 0.2 4 40 0.5 
Total 11 582 4 19 1 5 5 24 Ss 38 12 57 0.9 i aa 0.6 





the cortisone-treated animals. This difference is not quite statistically signifi- 
eant (six chances in 100 that this distribution occurred by chance). More- 
over, it is due largely to mortality from causes other than graft failure. There 
is a difference of only one animal in the mortality due to graft failure. 

Other effects noted in the cortisone-treated animals include ‘‘ personality 
changes’’ and increased susceptibility to infections. The former was mani- 
fested by viciousness in previously docile animals. Two dogs died of over- 
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whelming infections. One of these (No. 28) died despite the intravenous ad- 
ministration of massive doses of penicillin, streptomycin, and Aureomycin. 
Histologic studies revealed a marked decrease in fibroblastic proliferation 
in the cortisone-treated animals. This was especially noted subendothelially 
and at the graft suture lines. Sections of the control grafts showed a very 
thick layer of loose intimal fibroblasts (Fig. 3). Those from the experimental 
group showed only a few scattered fibroblasts and endothelial cells covering 


the internal elastic membrane (Fig. 4). Endothelialization from the adjoining 
recipient aorta was estimated to be comparable in both groups. 


Fig. 3. Fig. 4. 





Fig. 5. Fig. 6. 


Fig. 3.—Control graft showing extreme intimal fibroplasia. Hematoxylin and eosin, 560. 

Fig. 4.—Cortisone-treated graft. Only a few scattered fibroblasts and endothelial cells 
cover internal elastic membrane. Hematoxylin and eosin, 660. 

Fig. 5.—Suture line in control animal, eight weeks after grafting. Host aorta on right, 
graft on left. Verhoeff’s stain, 240. 

Fig. 6.—Suture line in control animal eight weeks after grafting. Graft on left. Suture 
visible. Hematoxylin and eosin, 240. 
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The control grafts showed firm fibrous union across the suture line with 
dense adventitial fibrosis (Figs. 5 and 6). This fibrous union is greatly re- 
duced in the cortisone-treated group (Figs. 7 and 8). 

The control series showed almost a complete disappearance of muscle cells, 
with cellular debris occupying the interstices of the media and with condensa- 
tion of the elastic fibers (compare Figs. 9 and 10). In the cortisone-treated 
dogs, there was less condensation of the elastic fibers, the interstices being 
filled with nonviable appearing muscle cells with pyknotie or absent nuclei and 
loss of cell outlines in some areas (Fig. 11). 














DISCUSSION 





The results of this study do not confirm the original hypothesis. No evi- 
dence was found that cortisone, in the dosages employed, prevents thrombosis 
or rupture, or that either is the result of the recipient’s response to any in- 
dividual-specifie antigens present in the homologous graft. 

In the ecortisone-treated animals, a decrease in fibroblastic activity 
throughout the graft site was noted in both gross and microseopie examina- 
tions. Decrease in phagocytosis and degeneration is especially noted in the 
aortic media, where the muscle cells are better preserved in the cortisone- 
treated animals. 

The drug exerts little, if any, beneficial effect on aortic homografts. It 
may, in fact, be deleterious because of complications incident to its use. These 
findings are in agreement with the extensive study by Weisman and associ- 
ates!’ on skin homografts with cortisone. 

The investigators had a definite impression of decreased wound healing 
at both the graft site and in the abdominal wound, although this was not 
objectively measured. The reported effects of cortisone on wound healing are 
not in agreement. Cole and associates'* in a well-controlled experiment re- 
ported no effect of cortisone on the rate or quality of wound healing as de- 
termined by histologic examination of the wounds. The result of the authors’ 
work confirms the conclusion of several other investigators,’-'* that is, that 
exudation, fibroplasia, and phagocytosis are definitely inhibited. 































SUMMARY 


Fresh and frozen aortic homografts were implanted in twenty-one dogs. 
Ten received cortisone and eleven were used as controls. 

The cortisone-treated animals had an increased mortality rate. They 
showed less connective tissue reaction, both grossly and microscopically. 
There was subjective evidence of decreased healing. Cortisone had no effect 
on the frequency or extent of thrombosis in the grafts. Re-endothelialization 
was apparently normal in rate. Condensation of the elastic fibers and degen- 
eration and phagocytosis of the graft muscle cells were reduced. 

The results were not statistically significant. 

We conclude that cortisone, under the conditions of this experiment, ex- 
erts little if any beneficial effect on aortic homografts. Some undesirable side 
effects were seen. 

















Fig. 8. 





Fig. 9. Fig. 10. 

Fig. 7.—Suture line in cortisone-treated animal eight weeks after grafting. Graft on 
left. Verhoeff’s stain, «240 

Fig. 8.—Suture line in cortisone-treated animal, two weeks after grafting. Graft on 
left. Hematoxylin and eosin, xX 240. - 

Fig. 9.—Media of normal aorta. Verhoeff’s stain, «660. 


Fig. 10.—Media of control graft, eight weeks after grafting. Verhoeff’s stain, 660. 
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Fig. 11.—Media of graft in cortisone-treated animal, eight weeks after implantation. 
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A METHOD FOR COMPLETE DRAINAGE OF THE SUPERIOR AND 
INFERIOR VENAE CAVAE INTO EXTRACORPOREAL CIRCUITS 


JAMES A. HELMSworTH, M.D., CINCINNATI, OHIO, LELAND C. CLARK, JR., PH.D.,* 
YELLOW SPRINGS, OHIO, AND RoGER T. SHERMAN, M.D., SAMUEL KAPLAN, 
M.D., anp THOMAS LARGEN, M.D., CINCINNATI, OHIO 


(From the Department of Surgery and the Department of Pediatrics, College of Medicine, 
University of Cincinnati, Cincinnati, Ohio, and from the Fels Institute for Research in 
Human Development, Antioch College, Yellow Springs, Ohio.) 


INTRODUCTION 


NVESTIGATORS working with extracorporeal circuits have employed a 
variety of methods for the simultaneous collection of blood from the superior 
and inferior venae cavae. This collection of blood from the ecavae presents a 
problem, whether the circuit is a by-pass of only the right auricle and ventricle 
or a complete by-pass of the heart and lungs. For the diversion of all the blood 
out of the caval stream, the cannulae used must fulfill certain requirements, as 
follows: First, the inner diameter of the cannula system must be large enough 
to permit flow of the animal’s cardiae output using regulated suction (4 to 9 
em. Hg applied by an external pump). Second, the insertion or withdrawal of 
the cannula system must not be accompanied by excessive blood loss or risk 
of air embolism. Third, the cannula, when in place, must drain out the entire 
‘aval return to the heart, producing chambers that are free of all venous blood 
except that returning from the coronary circulation. In a series of experi- 
ments with a dispersion-oxygenator and pump, used for the maintenance of life 
in animals during total by-pass of the heart and lungs,’ some variations in a 
method for complete caval drainage were evaluated. The following method 
was finally evolved; and in the last 11 dogs out of a series of 57, satisfactory 
emptying of the superior and inferior venae cavae was obtained, making pos- 
sible total by-pass of the heart and lungs. 


METHOD 


Throughout the entire study, the superior and inferior venae cavae were 
approached through an incision in the fourth right intercostal space. An ex- 
cellent exposure of the azygos vein and the lowest portion of the superior venae 
cavae was thus obtained, after the upper one-half of the lung had been displaced 
toward the diaphragm and toward the sternum. The azygos vein was severed 
at a level 2 em. from its junction with the superior vena cava, and the end 
nearest the chest wall was ligated. The end of the vein nearest the heart was 
held closed with one of the several types of noncrushing forceps now available. 


This project was supported in part by grants from the American Heart Association and 
the United States Public Health Service. 
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The L-shaped cannula, patterned after the instrument described by 
Leeds,’ is made of polyethylene tubing. A cannula of the same size was used in 
all the animals in the weight range of 10 to 20 kilograms (Fig. 1). The long 
limb of the instrument measures 13 em., the short limb 6.5 em., its outer di- 
ameter 0.9 em., and its inner diameter 0.7 em. An improvised obturator fills 
the lumen of the cannula and is made in the following way: A 22 em. length 
of cellophane-dialysis tubing is tied at one end and threaded into the cannula 
after it has been coated with a thin layer of mineral oil. The cellophane 
tubing is then distended with physiologic saline and is tied at its open end, 
thus producing a “sausage” which fits the lumen of the L tube perfectly. 
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Fig. 1.—The L-shaped cannula, with cellophane-dialysis tubing obturator in place. 


After this was done, it was possible to insert the cannula with its ob- 
turator without risk of air entering the right auricle. The free end of the 
azygos vein, projecting beyond the occluding forceps, was held open with 
mosquito hemostats or with three traction sutures. The end of the long limb 
of the L was then inserted into this segment of the vein, after which the 
oecluding forceps were removed. The cannula was advanced into the right 
auricle and its direction changed so that the end of the instrument was guided 
into the terminal segment of the inferior vena cava (Fig. 2). The angle 
opening of the cannula then lay in the superior vena cava of some of the 
dogs; in other dogs, it was directed into the lumen of the junction of the cava 
with the auricle. A ligature was used to apply firmly the azygos vein cuff to 
the surface of the projecting short limb of the L. The cellophane obturator 
was withdrawn with little friction and its pistonlike action caused the cannula 
to fill at once from the right auricle. From Fig. 2 it is clear that after the 
starred ligatures are tied down, all blood flowing in the superior and inferior 
cavae is channeled out through the short limb of the L and into the extra- 
corporeal cireuit. 
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The second important part of this method for emptying all the venous re- 
turn from the two cavae is the use of the “femoral vein supplement.” This in- 
strument is a 75 em. length of polyethylene tubing, closed at one end and having 
multiple perforations in its wall. Its dimensions are as follows: The outer 
diameter of the tubing is 3.8 mm., the inner diameter 3 mm.; the ovoid perfora- 
tions have a long axis of about 4 mm., and are spaced at intervals of 1 em. from 
the open end of the tube along 50 em. of its length. The remaining 25 em. lead- 
ing to the tube’s closed end are without perforation. This femoral vein supple- 
ment is passed through either femoral vein, up through the inferior vena cava, 
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Fig. 2.—Cannula in position in the right auricle, obturator withdrawn. (The end of the 
long limb drains the inferior vena cava. The cannula’s angle opening drains the superior vena 
cava. The starred ligatures cause all caval flow to by-pass the heart and enter the extra- 
corporeal circuit). 


and is finally threaded through the intra-auricular limb of the L cannula until 
the tip of the suplement lies in the superior vena cava at the level of the 
thoracic inlet (Fig. 3). A segment of this auxiliary catheter, 10 to 15 em. in 
length, remains protruding from the opening in the femoral vein. The vein is 
ligated about the polyethylene tubing; since the outer end of the plastic catheter 
is closed and this part of its wall is without perforations, it is not possible for 
blood to escape from it or air to enter. (It is obvious that in removing this 
combination of cannulae from the animal, the femoral vein supplement must be 
withdrawn before the L cannula.) At the end of each of these experiments, be- 
fore removal of the L cannula, air was displaced from the right auricle, if it had 
been opened, by filling it with physiologic saline first and then suturing the in- 
cision in the wall. Air was displaced from the right pleural space by filling it 
with saline. The ligature compressing the azygos stump about the short limb 
of the L tube was cut, the cannula withdrawn, and the azygos stump clamped 
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with forceps beneath the surface of the pooled saline. Solution only may enter 
the right auricle, and air embolism is prevented if this maneuver is completed, as 
Swan® has suggested. 
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vena cava 
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Fig. 3.—Auxiliary perforated catheter, the femoral vein supplement (FVS) in position, 
extending from the femoral vein through the long limb of the L, into the superior vena cava. 
veg through the FVS is not obstructed if there is fiutter or collapse of the wall of the vena 
cava. 
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DISCUSSION AND RESULTS 


The L eannula, with its angle opening to drain the superior vena cava 
and the terminal opening on its long limb to drain the inferior vena cava 
(Fig. 2), proved to be a practical instrument. With a little practice, it was 
possible to insert it rapidly and with a minimum loss of blood. There was some 
advantage in having a single large diameter tube (the short limb of the L) 
channeling all the venous blood out into the extracorporeal circuit. The intra- 
auricular portion of the long limb of the cannula might interfere with direct 
approach to certain structures when intracardiae surgery is undertaken. It is 
believed, however, that a simple modification in contour would eliminate this dis- 
advantage. 

The obturator (cellophane sausage) used with the cannula has eliminated 
the possibility of carrying air into the right auricle at the time of insertion of 
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the L. Before the adoption of the sausage obturator, it was apparent in several 
experiments that air embolism had been a complicating factor. 

Rapid and uninterrupted collection of the venous blood for circulation 
through the extracorporeal unit was not obtained until the femoral vein supple- 
ment was employed. This tube served as a hollow splint and eliminated the 
troublesome caval flutter or collapse which previously had often blocked the 
venous flow into the L cannula (Fig. 3). It is possible that the multiple open- 
ings in the wall of the supplement distributed the suction (from the extra- 
corporeal unit) along the full length of both superior and inferior venae cavae. 
Finally, the flutter or collapse of any segment of the caval system could not ob- 
struct venous flow, since blood from the distal levels could always enter (and 
leave) the lumen of the supplement through the multiple perforations. 

With the use of an L-shaped metal cannula, inserted through the proximal 
end of the azygos vein so as to drain both the superior and inferior venae 
eavae, Leeds obtained an average flow of 1,027 ¢.c. per minute into an extra- 
corporeal unit.2 (The weight of his dogs varied between 15 and 30 kilograms. ) 
Both Gibbon and Dennis have employed a method involving the separate cannu- 
lation of the two venae cavae. Dennis recorded a flow rate of 1,600 ¢.e. per 
minute in one animal,* while in Miller and Gibbon’s surviving dogs (weight, 7.5 
to 13 kilograms), the flow was less than 1,290 ¢.c. per minute.’ Some results of 
the method of dual cannulation, employing an L cannula and a femoral vein 
supplement, are tabulated in Table I. The average flow obtained was 1,717 c.e. 
per minute (average weight of dogs, 11.7 kilograms); and the difficulty asso- 
ciated with channeling the venous blood into the extracorporeal circuit, a most 
troublesome aspect of early total by-pass experiments, was greatly reduced and 
in most cases eliminated entirely. 


TABLE I, TABLE OF RESULTS. DRAINING THE SUPERIOR AND INFERIOR VENAE CAVAE BY MEANS 
OF AN L CANNULA AND FEMORAL VEIN SUPPLEMENT 














DOG. NO. WEIGHT (IN KG. ) FLOW (C.C. PER MIN.) 
1. 11.0 2,500 
2. 14.5 2,025 
3. 7.7 1,100 
4, 11.5 2,000 
5. 11.0 1,960 
6. 18.1 2,100 
7. 13.6 2,000 
8. 15.0 2,200 
9, 8.5 1,600 

10. 9.3 1,800 
11. 9.5 1,600 
SUMMARY 


A modification of the Leeds cannula has been described; the use of a 
cellophane obturator reduced the risk of carrying air into the right auricle 
when the instrument was inserted. An auxiliary perforated catheter, the 
femoral vein supplement, improved the flow of blood out through the L cannula 
into an extracorporeal circuit. Complete venous drainage was accomplished 
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by this method of cannulation, which permitted total by-pass of the heart and 


lungs. 


Miss Molly MacKenzie and Miss Ruth Parker gave invaluable technical assistance in this 
group of experiments and Mrs. Rose M. Schweitzer furnished the editorial assistance in prep- 
aration of the manuscript for publication. The authors also express their appreciation for 
the use of recording instruments made available through the Vernet Equipment Foundation 


of Antioch College. 
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A STUDY OF THE INFLUENCE OF ADRENAL STEROIDS ON THE 
STRENGTH OF HEALING WOUNDS 


PRELIMINARY REPORT 


EpmuNp C. Mreapows, M.D.,* anp JoHN F. PruppEN, M.D.,** Boston, Mass. 


(From the Surgical Research Laboratories of the Peter Bent Brigham Hospital and Harvard 
Medical School) 


INTRODUCTION 


LINICAL wound disruptions are sometimes characterized by almost eom- 
plete failure of healing. Multiple and complex factors contribute to the 
gain or loss of wound strength. Numerous systemic factors have been shown 
experimentally to affect the rate and quality of healing. Young individuals 
heal more quickly than old ones, and the healing capacity seems to be more de- 
pendent on adequate diet in growing animals than in adults.t A deleterious 
effect of partial scurvy on wound tensile strength has been demonstrated.? 
Dehydration alone and combined with starvation was found to affect not only 
the strength of wounds but that of uninjured tissue.* The reduction in strength 
of healing in animals suffering from acute anemia was found to be considerable.‘ 
It has been established both clinically and experimentally that depletion of body 
protein by various means markedly delays fibroplastie proliferation.® ® In re- 
gard to the effect of alkalosis and acidosis, the evidence is contradictory. 
There are reasons to suppose that the products of the adrenal cortex may 
also be involved in wound repair. Observations have been made on the poor 
healing of wounds in patients treated with ACTH’ and experiments have shown 
an inhibitory effect of cortisone on the reparative process in connective tissues.® ° 
It is well known that the normal metabolic response to surgery exhibits the 
tendeney to retention of salt and water. The previously starved patient is espe- 
cially likely to show such tendency. In one metabolic study, a wound dehiscence 
with nonhealing was observed in a patient with great salt retention following 
surgery.° A further clinical observation is frequently made that dehisced 
wounds usually heal promptly when resutured. Such was the ease in the patient 
referred to. Sandblom‘ and others have demonstrated in animals that a second- 
ary wound shows greater tensile strength at corresponding periods of healing 
as compared to primary wounds made several days previously. It is possible, 
then, that there may be an alteration in healing which is metabolic, affecting a 
wound in the initial phase of response to stress, but not affecting it at a later 
stage. 
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The hypothesis presents itself that wound disasters may be initiated in 
exceptional circumstances when the hormonal discharges of stress are combined 
with unusual loads of salt and water, particularly when starvation coexists. 

This experimental study was undertaken to determine the effect of parenter- 
ally administered cortisone, ACTH, and desoxyeorticosterone on the strength 
of healing sutured wounds in normal and depleted rats. Further confirmation 
and expansion of the experimental results are indicated, since a statistical study 
was not intended in the preliminary work. Studies are in progress to clarify 
the changes in metabolism of nitrogen and certain electrolytes which take place 
in animals showing impaired healing. 


METHODS 


Animals.—Healthy adults of the Hisaw strain of Sprague-Dawley rat were 
used. Animals were unselected as to sex, and had an initial weight range of 
220 to 380 grams. 

Wounds.—Ether inhalation anesthesia was used. Abdomens were shaved, 
then prepared with tincture of Zephiran Chloride. Surgical incisions were made 
with aseptic technique, including the use of gown and gloves. The wound in 
each animal consisted of a 6 em. left mid-rectus incision through all layers of 
the abdominal wall. 

Suture.— 

A. Two-layer suture: In initial experiments, two layers of sutures were 
placed. The inner layer of peritoneum, muscle, and fascia was approximated 
with interrupted No. 000 cotton sutures and the outer layer of skin and platysma 
was sewed with No. 32 steel wire sutures which were removed before testing 
wound strength. 

B. One-layer suture: In subsequent experiments, a more satisfactory 
method of wound closure was found to consist of a single row of interrupted 
No. 32 steel wire sutures through all layers of the abdominal wall, spaced about 
6 mm. apart. These sutures were removed before the testing of wounds, and 
permitted measurement of wound rupture tension unaltered by retained suture 
material, 

Testing of Wound Strength—In each ease, the strength of a healing wound 
was tested by the gradual distention, at uniform rate, of a Latex balloon placed 
in the peritoneal eavity. Pressure at which the wound disrupted, the rupture 
tension, was measured by means of a mercury manometer. Insertion of the bal- 
loon was done through a small puncture wound ventral to the anus. This 
procedure is a modification of a method of testing wound strength described by 
Harvey." 

Wounds sutured in two layers were tested on postoperative days one through 
twelve, fifteen, eighteen, and twenty-one as indicated on the graphic results. 

Wounds sutured in one layer were tested on the seventh postoperative day 
in all eases. 

Animals were sacrificed by the intraperitoneal injection of Nembutal 


Sodium. 
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Injections —One-half of the daily dose of the drugs used was injected sub- 
cutaneously twice daily. Doses are expressed as milligrams per rat day, 
amounting to about one-fourth of the dose per kilogram. Cortisone was used as 
a 5 mg. per cubic centimeter saline suspension. The ACTH consisted of Armour 
lots No. 128-105 and 212-103,* stored frozen at pH 3.5 and used in 10 mg. per 
eubie centimeter solution. Desoxycorticosterone was administered in sesame oil. 


Depletion Experiments—tThe effect of cortisone, ACTH, and DOCA on 
wound healing was tested in animals undergoing metabolic depletion. 

Starvation was chosen as the most reliable method of depletion, in prefer- 
ence to a partially deficient diet. Preliminary experiments were performed, 
in which animals were fasted until one-half the original number died. In two 
groups of six animals each, survival time of one-half of the animals was twelve 
and fourteen days, respectively. Animals in subsequent experiments were 
fasted for two days before operation, and through seven postoperative days to 
sacrifice and wound testing. Hence, the total fasting period in the depletion 
experiments was nine days. 

One-half of the starving animals had no oral electrolyte intake, and received 
only distilled water to drink. The remaining one-half received drink consisting 
of one-half distiiled water and one-half Ringer’s solution, with the addition of 
1.5 Gm. of KCl per liter. This solution contained Na 61.2 meq. and K 12.4 
meq. per liter. ACTH and cortisone were given to animals from both groups, 
with the use of paired controls. 

RESULTS 

Two-Layer Suture.—The experiments in which two layers of sutures were 
used did not permit statistical interpretation because of the small number of 
measurements for each day’s testing. By inspection, however, it is seen that 
the rupture tensions of wounds in animals treated with ACTH fall well within 
the range of normals. Cortisone had no effect when started the day of opera- 
tion. When cortisone was begun three days before wounding, there was sugges- 
tion of an inhibitory effect on healing, starting about the seventh day (Fig. 1). 

One-Layer Suture.—In the wounds which were sewed with one layer of 
removable sutures, cortisone produced apparent wound weakening in all doses. 
The greatest effect resulted from the largest dose (lig. 2). 

Neither ACTH nor desoxycorticosterone produced a significant alteration 
in wound strength with the doses used. The addition of excess sodium to the 
diet (as normal saline drink) did not influence the results (Fig. 2). 

The positive effect of cortisone and negative effect of ACTH is in accordance 
with observations made previously in our laboratory, in which granulating 
wounds were produced in rats treated with cortisone and ACTH in order to 
study the lysozyme of granulation tissue.1* The healing of these granulating 
wounds was markedly inhibited by cortisone and not affected by ACTH. 

In the depletion experiments (Fig. 3), it was noted that starvation for 
nine days had a deleterious effect on wound healing. The average wound rup- 


*Supplied through the courtesy of the Biochemical Research Division, Armour and Com- 
pany, Chicago, IIl. 





844 MEADOWS AND PRUDDEN lee 
ture tension for all of the eighteen starved control animals was 83 mm. Hg, as 
compared to 114 mm. Hg in thirty-two normally fed control animals. This 
difference was not as great in the starving group which received water drink 
as in the group which received the modified Ringer’s solution. The significance 
of this is not clear. 
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Fig. 1.—Two-layer suture. Scatter diagrams of wound rupture tensions. 


Once again the definite inhibition of healing by cortisone was demonstrated. 
The effect was somewhat greater in starved animals than in fed animals re- 
ceiving the same doses of the drug. Starved animals receiving ACTH showed 
a wide range of variation in‘values for wound rupture tension. In general, a 
deleterious effect on healing was not shown. The small series of starving rats 
receiving ACTH with water drink was invalid because one rat died on the fifth 








a “ ADRENAL STEROIDS AND STRENGTH OF HEALING WOUNDS 845 
umber 












and one on the seventh postoperative day, and were eaten by cagemates. The 
series is included, however, because some significance may be attached to lack 
of effect of continued administration of ACTH in survivors. The values show 
an actual increase in rupture tension over normal, fed control animals. 





Starving animals receiving desoxycorticosterone did not differ from starving 
control animals and showed no additional effect from intake of excess sodium 
as saline drink. 
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Fig. 2.—Wound rupture tensions of normally fed animals. One-layer suture, tested on seventh 


postoperative day. 





Histology.—A detailed histologic study was not undertaken in the experi- 
ments recorded. Sections of sutured abdominal wounds were taken every third 
day for twenty-one days in the series of rats receiving 10 mg. of ACTH each 
daily. Comparison with paired controls showed no significant difference in the 
rate or manner of primary healing. The wounds of rats from this series had 
tensile strengths comparable to those of control rats. Additional study was 
done of granulating back wounds in two series of rats used for another purpose.?? 
One series received 10 mg. of ACTH and the other 5 mg. of cortisone each per 
day. There was no alteration in the thickness, maturation, or contraction of 
granulations which could be attributed to ACTH. In rats treated with cortisone, 
however, there was marked gross and microscopic evidence of inhibition of all 
phases of mesenchymal healing, with retarded epithelization. 
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After the preliminary experiments on wound tensile strength indicated 
the methods by which wound healing could be hindered, it was intended to fol- 
low these leads with more careful histologic study of weak wounds, perhaps as 


the subject of a later report. 
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Fig. 3.—Wound rupture tensions of starved animals. One-layer suture, tested on seventh 


postoperative day. 


DISCUSSION 


The reparative processes of the mammalian organism are well designed for 
response to trauma. It would be surprising if the hormones of stress were 
deleterious to healing in usual circumstances. The experimental results show 
that weak wounds were not produced by ACTH, even in animals which were 
starved and given excess salt. ACTH probably has no effect on cell healing of 
itself, and its action depends upon the twenty-eight or more steroid hormones 
which are elicited from the adrenal cortex to the periphery. ACTH stimulates 
all functions of the adrenal cortex to the periphery. ACTH stimulates all fune- 
tions of the adrenal cortex, and the products are presumed to be secreted in a 
balaneed or proportionate dose to exert their varied physiologic functions. An 
exogenous dose of cortisone, on the other hand, may be disproportionate and is 
possibly directly antagonistic to other hormones with which it is usually in 
balanee. It may also inhibit further production of steroids with opposing or 
contrasting actions. Cortisone may have a direct inhibitory or toxie action on 
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fibroblasts, possibly by interference with cell enzyme systems," or by retardation 
of cellular mitosis.‘* The effect on fibroplasia may be indirect, by inhibition 
of growth of new vascular elements, a feature grossly evident in wound retarda- 
tion caused by cortisone.* Of interest in consideration of the mechanisms of 
wound weakening is the finding in human patients with wound dehiscence that 
significant local tissue protein deficiency may exist in the face of normal serum 
protein levels.° This is suggestive that marked changes in tissue cell metabolism 
may not be reflected in the usual serum determinations. 

The effects of the adrenal salt-regulating hormones, closely imitated by 
the administration of DOCA, appear to be mediated principally through the 
kidney.’® In a sense, then, the action of cortisone may be considered to be more 
peripheral. However, in one study, DOCA was found to have a stimulant action 
on immature granulation tissue and slight to moderate delaying effect in the 
maturation process of both cellular and intercellular elements.17 Chemical and 
histochemical studies of the adrenal glands suggested that such action was proba- 
bly mediated through an imbalance between the hormones of the zona glomerulosa 
and those of the zona fasciculata. 


The observation that naturally occurring hormones may profoundly alter 
cellular response to trauma is of great importance. However, there is no definite 
body of evidence at this time which indicates that cortisone treatment is harm- 
ful to the wounds of human surgical patients. There is a wide variation in 
response to cortisone among different animals, and recent evidence suggests that 


18 


an adaptation to cortisone administration, in some respects, may take place. 
The weight-dosages in published reports of experiments on animals are in gen- 
eral greatly in excess of those used in clinical therapy.” ® 7° 


SUMMARY AND CONCLUSION 


The strength of healing incised wounds in rats was measured by causing 
wound rupture. Cortisone, ACTH, and desoxycorticosterone were given to 
experimental animals in order to test the respective effects of these drugs on 
wound healing. 

It was found that cortisone in all doses used (3 to 100 mg. per kilogram) 
eaused impairment of wound healing. The inhibition was most marked with 
the greater dose. ACTH and desoxycorticosterone did not hinder wound heal- 
ing. Excess dietary sodium did not alter this lack of effect. Metabolic deple- 
tion by starvation caused deficient wound healing. Cortisone in starving animals 
caused further wound weakness. ACTH and desoxyeorticosterone did not in- 
fluence the effect of starvation, either with or without added electrolyte in the 
form of a modified Ringer’s solution. 

The reported studies emphasize the difficulty of producing weak wounds 
by gentle endocrine methods. 
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RECANALIZATION OF THE VENA CAVA 
AN EXPERIMENTAL STUDY 
Rosert M. Mixes, M.D.,* anp Jos—EpH M. Younc, M.D., Mempuis, TENN. 


(From the Surgical Unit of the General Research Laboratory amd the Laboratory Service, 
Veterans Administration Medical Teaching Group, Kennedy Hospital) 


IGATION of the inferior vena cava has proved to be the most effective method 
of preventing pulmonary embolism and, because of this, its use will con- 
tinue to be mandatory in a certain number of patients, although in many 
instances it is attended by the undesirable late sequelae of chronic edema, leg 
ulcers, and intermittent claudication leading to partial invalidism.’® ** 

The operation is employed primarily in the desperately ill, poor-risk pa- 
tient. Therefore, the employment of the safest, least time-consuming method 
of interrupting caval continuity is desirable. This consists of ligation in con- 
tinuity. Venotomy or transection and then ligation of the vena cava frequently 
oceasions severe hemorrhage and increases operating time with resultant high 


mortality. 
The employment of the latter procedure in cases where thrombophlebitis 


involves the vena cava itself is particularly hazardous and sometimes impossible, 
because the vena cava is encased in acutely inflamed retroperitoneal tissue and 
lymph nodes, is adherent to the aorta and other adjacent structures, and its 


wall is markedly thickened and friable. Indeed, ligation alone may be exceed- 
ingly difficult in such ecases.'° 

Two objections to the technique of ligation in continuity as opposed to 
division and ligation of the vena cava are outstanding: first, the vena cava 
should be sectioned to assure removal of any existing thrombi; and second, if 
the vena cava is not divided there may be recanalization with the danger of 
recurrent or future pulmonary embolism. It is not the purpose of this paper 
to discuss the former—suffice it to say that we have observed excellent results 
following ligation in continuity when a thrombus was palpable in the vena cava 
as high as the renal veins. It is with the second objection that this experiment 
is concerned. 

Review of the literature reveals no unanimity of opinion concerning either 
method of interrupting caval continuity. The majority practice ligation in 
continuity,” * ®& & % 12) 14, 15, 17, 20 21 while others divide the vena cava. 1 Collins® 
reports no difference in long-term results following either method in a series of 
seventy patients with suppurative pelvic phlebitis. Many suture materials 
such as silk,?® 1* eatgut,’* *° umbilical tape,” 1” *° cotton,* and nylon® have been 
employed. 

The literature does not reveal experimental or other data proving whether 
or not recanalization of the vena cava occurs after ligation in continuity, 

Received for publication, July 31, 1952. 
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although Halsted’ in 1922 advocated such a study. This experiment was under- 
taken to answer the question. 


MATERIALS AND METHODS 


Ligation of the inferior vena cava in continuity below the renal veins was 
accomplished in thirty-four healthy adult mongrel dogs using several techniques. 

The animals were anesthetized with intravenous Nembutal and the inferior 
vena cava was exposed and ligated retroperitoneally through a muscle-splitting, 
right flank incision. 

The vena cava was ligated in continuity using the following techniques 
(Fig. 1): (A) single ligature of No. 0 braided silk—11 dogs, (B) single liga- 
ture of No. 1 chromic catgut—10 dogs, (C) single ligature of 144 inch cotton 
umbilical tape—8 dogs, (D) two ligatures of No. 0 braided silk with a suture 
ligature of the same material between the two—d dogs. 

These animals were autopsied at the time of death or sacrifice. Time inter- 
vals between operation and autopsy varied from five to three hundred and 
eighty-five days. 

In animals dying spontaneously a long segment of inferior vena cava con- 
taining the ligated area was removed and gross evidence of recanalization was 
sought by probing from both ends of the specimen and by opening the lumen 
from either end toward the ligated portion and carefully inspecting this area 
under the dissecting microscope. Later in the experiment perfusion of the 
specimens (with all collaterals tied off) using water and a solution of methylene 
blue under very slight pressure was attempted; if the solution appeared in the 
lumen on the opposite side of the ligated area it was considered presumptive 
evidence of recanalization. The specimens were then sectioned and studied 
microscopically. 

Sacrifice was carried out in nine instances. These animals were anesthetized 
and the inferior vena cava was exposed through a long midline abdominal in- 
cision. The ligated portion was then dissected out and earefully inspected to 
determine if blood traversed it. The animal was then killed with a lethal dose 
of intravenous Nembutal, and the specimen was resected and studied by the 
methods deseribed above. 





RESULTS 

All animals withstood the operative procedure well and were not noticeably 
incapacitated. Postoperative edema and other undesirable sequelae of inferior 
vena caval ligation were not observed. 

Twenty-five of the animals died at intervals varying from 5 to 258 days 
postoperatively from causes unrelated to the operative procedure, the majority 
of deaths resulting from dog fights and distemper. 

The other dogs were sacrificed at intervals ranging from 273 to 385 days 
after operation. 

Autopsy studies disclosed the following : 


1. Single Silk-tie Techinque (11 dogs surviving from 5 to 367 days post- 
operatively).—All but two animals died within 240 days. These two were 
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Fig. 1.—Techniques used in ligating the inferior vena cava. A, Single ligature of No. 0 
braided silk. B, Single ligature of No. 1 chromic catgut. OC, Single ligature of % inch cotton 
umbilical tape. D, Two ligatures of No. 0 braided silk with a suture ligature of the same ma- 
terial between the two. 





A. B. 


F Fig. 2.—Examples (in vivo) of recanalization of the inferior vena cava following liga- 
tion in continuity with No. 1 chromic catgut. A, 273 days postoperatively (Dog 11). B, 360 
days postoperatively (Dog 7). Arrows indicate sites of original ligatures. 
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sacrificed at 353 days and 367 days, respectively. The last mentioned animal 
was the only one in this series exhibiting evidence of recanalization. At the 
time of sacrifice blood could be seen coursing through a vascular channel beside 
the silk ligature. The lumen was of adequate size (3 to 4 mm.) to permit passage 
of a large embolus. Microscopic sections disclosed numerous endothelial-lined 
passages in the wall of the vena cava through the region of the tie in addition 
to the newly formed large lumen described above. 





A) at site of ligation. Numer- 
in the wall. Hematoxylin and 


Fig. 3.—Cross section of inferior vena cava (see Fig. 2, 
ous endothelial-lined spaces and slight fibrosis are noted 
eosin, 100 (reduced one-fourth). 


2. Single No. 1 Chromic Catgut Technique (10 dogs surviving from 24 to 
370 days postoperatively ).—Gross recanalization occurred in the four animals 
surviving longer than 270 days. The lumina in all instances were of sufficient 
size to allow passage of emboli of fatal proportions (Fig. 2). The eatgut ties 
had been completely absorbed, and in one instance (273 days) restoration of the 
lumen was so complete we could hardly recognize where the ligature had been 
placed (Fig. 2, A). Microscopically, slight fibrosis and numerous endothelial- 
lined spaces were observed in the wall of the vena cava at the site of the ligation 
(Fig. 3). 

The six remaining dogs died within 180 days after operation. In these, 
no recanalization was evident by probing and gross examination. Perfusion was 
attempted in three, and in two the solution appeared in the lumen on the 
opposite side of the tie. 

Dissection of the gross specimen of one of these (65 days) revealed minute 
openings in the intimal lining just distal to the ligated area (Fig. 4). We 
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believe that these represent partially sealed intimal folds which communicate 
with dilated endothelial-lined vessels commonly found in the vessel wall and 
that they account for successful perfusion. Microscopically, cross sections of 
this specimen revealed necrosis of the intima and parts of the vessel wall and 
dilated endothelial-lined blood-filled spaces throughout the region of the liga- 
tion. However, the central area was sealed by adherent intimal folds and 
probably played no part in the passage of the perfusion solution. 

Microscopie study of the second specimen (75 days) revealed minimal 
recanalization in the region of the tie and an organized thrombus adjacent 
to it distally. 

In the third specimen (172 days) perfusion was unsuccessful, and fibrosis 
with no evidence of a lumen was seen on microscopic examination of the 
ligated area. 





Fig. 4.—Interior of lumen of vena cava (65 days postoperatively) just distal to portion 
ligated with No. 1 chromic catgut. Arrows indicate openings of partially sealed intimal folds. 


x2 (reduced one-third). 


3. Umbilical Tape Technique (8 dogs surviving from 11 to 355 days post- 
operatively ).—None of the animals in this series exhibited gross or microscopic 
evidence of recanalization. A greater degree of tissue reaction and fibrosis was 
noted in this series than in the others. Microscopically, dense hyaline fibrosis 
could be seen in and about the vessel wall. 

4. Triple Silk-tie Technique (5 dogs surviving from 11 to 385 days post- 
operatively ).—Gross recanalization did not occur in this group. The ligated 
areas were surrounded by fibrosis. The caval lumen proximal to the tie was 
of normal size while distally it was very small, hardly admitting a fine probe; 
the greater part of the lumen was occupied by a fibrous cord representing an 
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organized thrombus (Fig. 5). This usually extended down to the first large 
lumbar vein. Perfusion through the ligated section was accomplished under 
very slight pressure in one animal (322 days). On dissecting this specimen, 
intact intimal folds were present between the suture ligature and distal tie 
while these were adherent between the proximal two ties. Proximal to the 
ligated area the folds were sealed together leaving tunnellike spaces in the wall 
of the vena cava (Fig. 6). Microscopically, remnants of the original lumen and 
small dilated endothelial-lined spaces in the wall were noted which may account 
for perfusion of fluid. 

The longest survivor (385 days) in the entire series was in this group and 
showed no evidence of recanalization (Fig. 5). 





ee Fig. 5.—Ligated portion of inferior vena cava in vivo 385 days postoperatively. Arrow 
indicates site of three silk ligatures. Note almost completely fibrosed vena cava distally. 
No recanalization occurred with this technique. 


PATHOLOGIC CONSIDERATIONS 


It is suggested that the sequence of events after ligation of the inferior 
vena cava is as follows: Thrombosis occurs distal to the tie, usually extending 
as far as the first large lumbar vein. The intima beneath and adjacent to the 
ligature is thrown into closely gathered folds, and, depending on the tightness 
of the tie, either becomes necrotic or undergoes slower fibrous replacement. 
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This intimal folding leaves endothelial-lined passages which extend to or through 
the ligated area. Adjacent intimal folds frequently become adherent and 
partly seal off these channels from the main lumen. An inflammatory reaction 
occurs about the ligature and the thrombus distal to it, and the granulation 
tissue of repair is formed containing many new blood vesse's. There may be 
communications between these, the vasa vasorum, and the intimal-lined folds 
permitting blood to by-pass the ligated area. These are usually of microscopic 
proportions and if replacement fibrosis of a sufficient degree occurs they are 
either completely replaced or never reach important size. We have found more 
fibrosis associated with umbilical tape and triple silk ligatures than with the 
other methods. 





Fig. 6.—Section of vena cava ligated with three silk ligatures revealing tunnellike spaces 
formed by adherent intimal folds proximal to ligated area. x2 (reduced one-fourth). 


It may be that the length of the vessel wall occluded by the ligature(s) 
is important in the amount of fibrosis and subsequent recanalization, because 
maximum fibrosis and no recanalization was observed in techniques which 
occluded longer sections of the vena cava, that is, umbilical tape and triple 
ligatures of silk, while gross recanalization was observed when single silk and 
single catgut ligatures were used. 

Complete fibrosis distal to the ligature(s) with the vena cava remaining 
as a solid fibrotic cord as reported by Whittenberger and Huggins’ was not 
observed, although partial fibrosis with only a small remaining lumen was 
frequently seen extending distally as far as the trifureation or first large 
lumbar vein. 
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Important factors are absorbability and chemical nature of the ligature. 
Catgut, with its propensity for invoking a more intense inflammatory reaction, 
together with the fact that it is usually absorbed in two or three months, would 
be expected to predispose to recanalization. The observations suggest that 
when the tie is absorbed the endothelial channels previously described enlarge 
and coalesce to reform the original lumen. 

Venous pressure distal to the ligated area is an important factor in reeanal- 
ization, but is hard to evaluate. It is probably most important in the occasional 
instance when thrombosis does not oceur distal to the ligature. 












COMMENT 







We believe the results of this experiment are clinically applicable and 
indicate that the technique of ligation and division of the inferior vena cava 
remains the most effective method of insuring against recanalization and the 
possibility of future pulmonary embolism. 

However, because of the difficulties and dangers attending the above- 
mentioned method, ligation in continuity will probably remain the method of 
choice. When this is desirable, multiple ligatures of nonabsorbable suture 
material should be employed to minimize the possibility of future pulmonary 
embolism. When absorbable ligatures or single ligatures of nonabsorbable 
material are used, recanalization may be expected with the potential danger 
of pulmonary embolism. As a result of this study, we have altered our technique 
of ligating the inferior vena cava so as to obliterate a maximum segment by 
placing two ligatures of No. 4 silk approximately 2.5 em. apart with a ligature 
of 14 inch umbilical tape between the two. 

Considering the undesirable late sequelae of ligation of the inferior vena 
eava, the question may be asked if recanalization of the vena cava should ever 
be desirable. We think not, if the procedure is being employed for permanent 
prevention of pulmonary embolism; however, in other situations such as trauma 
and extensive tumor surgery recanalization may be preferable. In these in- 
stanees utilization of absorbable ligature material would seem logical. 




























CONCLUSIONS 


1. Reeanalization of the inferior vena cava may occur within nine months 
to a year following ligation of the vena cava in continuity when single ligatures 
of eatgut or silk are used. 

2. Reeanalization is less likely to occur when longer segments of the vena 
cava are obliterated by employing umbilical tape or multiple silk ligatures. 

3. The technique of ligation and division of the inferior vena cava remains 
the best insurance against recanalization and potential pulmonary embolism. 
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THE SURGICAL TREATMENT OF MITRAL INSUFFICIENCY 
EXPERIMENTAL USE OF TRANSPLANTED PERICARDIUM IN DoGs 


ALFRED R. HENDERSON, M.D.,* AsBury Park, N. J., AND C. L. Law, M.D.,** 
EDMONTON, ALBERTA 


NSPIRED and encouraged by the gratifying results achieved surgically in 

the treatment of mitral stenosis and certain forms of pulmonie stenosis, it 
was altogether natural that the attention and faculties of some of those con- 
cerned with the development and performance of this surgery would be broad- 
ened to include the remaining cardiae defects possibly amendable by operative 
intervention. Quite naturally, also, mitral insufficiency, the commonest valvu- 
lar lesion met with in general practice,’ * should be one of the first to re- 
ceive such attention. 

In a recent report by Bailey and his associates* a possible solution to the 
surgical management of mitral insufficiency was proposed. An operative 
technique was described whereby a tubular pedicled graft is fashioned from 
the pericardium. This tube, or ‘‘sling’’ as it is referred to, is placed within 
the left ventricular chamber beneath the mitral orifice loosely in such a man- 
ner that on ventricular systole its mid-portion is forced partially through the 
valvular opening. During ventricular diastole, the sling is pushed downward 
into the ventricle by the movement of blood entering the chamber from the 
left atrium. Systolic impaction of the tubular graft into the incompetent 
orifice prevents regurgitation. The use of pericardial tissue was considered 
appropriate for this purpose; it is locally available, it is homogenous living 
tissue, and it has the ability to grow to the surrounding heart muscle and 
endocardium and become a permanent fixture. The pedicle of pericardium 
remained attached to its normal site within the mediastinum would, sup- 
posedly, retain much of its original vascularity and possibly obtain additional 
blood supply from the myocardium itself. 

Because of our experimental experiences with pericardium used alone or 
within inverted vascular sheaths in attempts to bridge the aortic valves as a 
means of preventing reflux of blood following the production of insufficiency, 
we were concerned with the ultimate fate of this tissue employed for the pur- 
pose as outlined previously. It has been observed that after several weeks such 
tissue grafts, subjected to the turbulence of intravascular flow, diminished 
blood supply or no blood supply of their own, the osmotic influences of their 
new environment, ete., became useless, shrunken, inelastic cords ineapable of 
performing their intended task. Indeed, their presence often seemed to place 
added burden on an already strained mechanism. It was decided, therefore, 

Received for publication, Aug. 11, 1952. 
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to repeat the operative procedure suggested by Bailey and his associates* 
experimentally, sacrificing the animals at various intervals to determine the 
chronologic fate of such pericardial implants. 


EXPERIMENTAL PROCEDURE 


Thirty mongre] dogs of various sizes and ages, and in good condition 
were employed in these experiments. Preoperatively all were given 25,000 
to 50,000 units of depot penicillin, the dose depending upon the size of the 
animal. Under general anesthesia (6 per cent sodium pentobarbital) a small 
polyethylene cannula was threaded into a peripheral vein for the purpose of 
maintaining an intravenous drip of .1 per cent procaine throughout the op- 
eration. If, during manipulation of the heart, arrhythmias, tachyeardia, or 
apparent irritability of the heart appeared the infusion was given more rap- 
idly. The chest was entered through a standard posterolateral incision, 
opening the pleura through the fourth interspace which afforded adequate 
exposure both of the left auricular appendage and the entire anterior peri- 
eardium. 

Since dogs tolerate poorly the acute production of mitral insufficieney,* * ° 
the pericardial graft was prepared initially and held in readiness for place- 
ment within the left ventricle immediately following partial resection of the 
anterolateral portion of the mitral valve ring. The phrenic nerve was mobi- 
lized along its cardiac course and retracted from the operative field. Thus a 
large area of pericardium could be exposed and made available for rolling 
into the tubular graft. The pericardium was then incised along its dia- 
phragmatie reflection carrying the incision upward on two sides toward the root 
of the pulmonary artery. In this way, a large U-shaped tongue of pericardium 
was made with the base of the U at the diaphragm. The rectangular sheet of 
pericardium was then elevated, freed of much of its overlying fatty tissue, and 
rolled so that its pleural surface lay inside and its epicardial surface outside. 
Since it was still attached superiorly, it was thought that much of its blood 
supply might be retained. Such a tube is large enough, elastic enough, and 
long enough to function as prescribed within the left ventricular chamber 
while still connected to at least some of its vascular supply externally. The 
distal end of the pericardial tube was sutured to a long curved probe. Inter- 
rupted 00000 arterial silk sutures were placed along the length of the rolled 
pericardium to maintain its tubular shape. (Fig. 1, A and B.) 

The usual, left, transauricular appendage approach to the mitral valve 
was used to produce incompetence of the structure. When properly sec- 
tioned, a definite jet of regurgitant blood could be felt against the finger tip 
with each ventricular systole. 

Following the production of significant regurgitation the probe, attached 
to the distal end of the graft, was passed through the myocardium into the left 
ventricular chamber about 1 em. below the mitral ring at its anterolateral 
aspect. Guided by the finger of the operator, which remained within the 
heart after sectioning the valve, the probe was then passed under the mitral 








860 HENDERSON AND LAW so RS 
orifice and through the posterior myocardium directly opposite its site of 
entrance. As the end of the probe emerged through the back of the heart it 
was grasped by an assistant and pulled completely through with the tubular 
pericardial graft attached. The graft, or sling, now laid within the left ven- 
tricle below the mitral orifice in line with the long axis of the mitral orifice, 
and it was firmly gripped by myocardium anterolaterally and posteromedially. 





Fig. 1.—Technique for transventricular (left) insertion of tubed pericardium employed 
for the relief of mitral insufficiency. A, Flap outlined on pericardium. 8B, Pericardium 
fashioned into a tube to provide necessary bulk (epicardium outward). C, Right index finger 
in mitral valve through left auricular appendage guiding probe within the left ventricle. 
D, Pericardial flap in place; changes in position with ventricular systole and diastole. 


Its length within the chamber could be suitably determined and regulated 
by the operator’s finger. Pressing on the tube through the mitral orifice would 
cause more to enter the heart from the outside, and therefore, increase its 
length within the ventricle. Pulling on the tube externally would shorten its 
length within the ventricle. By such maneuvering, proper length could be 
attained so that the intraventricular portion of the tube would function as 
an ‘‘intramitral’’ obstruction to regurgitation on systole; during diastole it 
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could be felt to drop within the ventricle away from the valvular orifice. 
(Fig. 1, C and D.) 

The graft was tacked to the myocardium externally to prevent slipping 
and to retain proper length within the heart. Following saline lavage of 
the pleural space the lung was expanded and the chest wall closed in the usual 
fashion. The intravenous infusion was discontinued immediately after closing 
the chest. Penicillin, 25,000 to 50,000 units, was given daily for three days. 
In one ease, where sepsis was obviously present, streptomycin was given as 
well as penicillin. Ambulation was allowed as soon as desired by the an- 
imals. Demerol* in 25 mg. doses was given as required. 


RESULTS 


The operative procedure itself was surprisingly well tolerated by the 
animals, Aside from moderate exertional dyspnea and chest pain occasioned 
by sudden unguarded movements, most animals appeared to be in good con- 
dition considering they had survived such a major procedure. 

Table I summarizes briefly the results of this experimental work. Three 
of the animals died operative deaths from sudden arrhythmia and cardiac 
dilatation which was uninfluenced by intravenous or intracardiac procaine. 
Acute and marked tachyeardia and arrhythmias were not uncommon during 
manipulation of the heart, especially while the graft was being threaded 
through the ventricular myocardium, but were, for the most part, readily con- 
trolled by inereasing the intravenous flow of procaine, stopping the maneuver, 
and inflating the left Jung. One animal’s death was attributed to the com- 
plete obstruction of the mitral orifice by the sling a few minutes after it had 
been placed in what was thought to be a good position. <A systolic thrust had 
impacted it so thoroughly within the valve that it failed to drop back into the 
ventricular chamber during diastole. 

Four of the dogs expired within the first twenty-four hours from inde- 
terminate causes; death occurred during the night unobserved. Although the 
cause of death could not be definitely determined, cardiac dilatation was the 
common finding at post-mortem examination. 

The most striking postoperative observation was the clinical finding of 
some degree of cardiac incompetence in every animal who had survived the 
immediate effects of surgery. The evidence varied from slight exertional 
dyspnea to profound ineapacitation at rest with eventual ascites and death. 
In some of the animals, improvement occurred over a period of time; in others, 
the decompensation became progressively worse. 

Dogs 1, 5, and 7 were given Digoxin? and mercurials when signs of heart 
failure appeared but such medication appeared to be without effect in these 
animals. Why such failure could not be corrected in these animals, will 
shortly be evident when a discussion of the changes in the nature of the grafts 
is presented. It is significant that more than half (56.6 per cent) of these 
animals, all of whom had apparently vigorous, normal hearts initially, eventu- 


*Winthrop Stearns Co., New York, N. Y. 
+Burroughs Wellcome & Co., Tuckahow, N. Y. 
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TABLE I, SUMMARY OF RESULTS OF THIRTY OPERATIONS 
OPERA- IMMEDIATE | LATE P.O. 
DOG TIVE P.O. CONDITION P.O, COURSE CONDITION ULTIMATE 
NO. COURSE | (FIRST 24 HR.) (1-7 DAYS) (AFTER 1 WEEK) RESULT 
1 Good Uneventful Eixer. dyspnea, no Kxercise toler- Sacrificed: 6 
edema ance better weeks 
2 Expired 
3 Good Iixpired 
4 Fair Expired 
5 Fair Dyspneic Died 7th day, de- 
compensation 
6 Good Dyspneic Recovered Good Sacrificed: 16 
weeks 
7 Good Uneventful Progressive dysp- Decompensated Died 4 weeks 
nea and debility P.O., decomp. 
8 Expired 
9 Good Unevent ful Died 3rd day of 
sepsis 
10 Fair Uneventful Died 6th day, de- 
compensated 
1] Fair Expired 
12 Fair SL. dyspnea Uneventful Good Sacrificed: 16 
weeks 
13 Good SL. dyspnea Exer. dyspnea Sl. exer. dysp. Sacrificed: 9 
weeks 
14 Fair Uneventful Uneventful Good Sacrificed: 9 
weeks 
15 Good Exer. dyspnea  Iixer. dyspnea Died 14th day, 
decompensated 
16 Good Expired 
17 Good SI. dyspnea Sl. dyspnea Sl. dyspnea Sacrificed: 6 
weeks 
18 Fair SI. dyspnea Sl. dyspnea Sl. dyspnea Sacrificed: 6 
weeks 
19 Fair Uneventful Sl. dyspnea Died 21st day, 
decompensated 
20 Expired 
21 Fair Sl. dyspnea Died 2nd day P.O. 
22 Good Uneventful Progressive dysp. Died 11th day; 
decomp. 
23 Good Uneventful Unevent ful Good Sacrificed: 6 
weeks 
24 Fair Uneventful Sl. dyspnea Sl. dyspnea Sacrificed: 6 
weeks 
25 Fair Sl. dyspnea Exer. dysp. Died 8th day; 
decomp. 
26 Fair Uneventful Died 5th day 
27 Good Sl. dyspnea Progressive dysp. Died 23rd day; 
decomp. 
28 Good Uneventful Exer. dysp. (marked) Died 9th day; 
decomp. 
29 Fair Dyspneic Sl. dyspnea Died 20th day 
30 Good Uneventful Exer. dyspnea Sl. dyspnea Sacrificed: 6 
weeks 
ally died a cardiac death. Only ten of the thirty remained to be sacrificed 
for long-term study, and six of these had some degree of exertional dyspnea. 
The reasons for the distress and death in these dogs became apparent 
when an examination of their hearts was made. Granted, it is not a tech- 
nically simple matter to routinely place such a sling in the right place or in the 
exact direction, therefore it is possible that some of the disheartening results 
may be attributed to faulty technique. It was assumed, however, that as ex- 
perience was gained fewer mistakes were made. All animals developed some 
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degree of right ventricular dilatation or hypertrophy. Fig. 2 demonstrates the 
enlarged right ventricle and dilatation of the outflow tract of Dog 19. This 
animal, following a rather smooth postoperative course, developed progressive 
failure and died on the twenty-first postoperative day. Dogs surviving six 
weeks or longer demonstrated left ventricular hypertrophy as well. The 
thickened ventricular wall is exemplified by the sectioned heart of Dog 12 
(Fig. 3). This dog had minimal to no dyspnea and was considered one of the 
best results of the group. As was discovered at autopsy, the apparent clin- 
ical picture of health was the result of temporarily adequate left ventricular 
compensation and not because the graft was functioning. 


TABLE II. CAUSES OF DEATH 











FIRST 1st-7TH AFTER 
CAUSE OF DEATH OPERATIVE 24 HOURS DAY 7TH DAY 

Acute dilatation of the heart, cardiac 2 

arrest and/or fibrillation during 

surgery 
Acute obstruction of mitral orifice 1 

by graft 
Sepsis 1 
Progressive disability with signs of 4 8 

cardiac decompensation 
Sacrificed 10 
Died within first 24 hours, cause of 4 


death not known 





Examination of the grafts immediately disclosed the reason for the per- 
sistent finding of clinical decompensation and the autopsy observation of 
eardiac hypertrophy and dilatation. Since the animals were examined post- 
mortem at intervals from a few hours to sixteen weeks following operation, 
there was opportunity to visualize the changes which occurred in the graft 
over this period of time. As stated earlier, it was hoped that by leaving the 
graft intact along its uppermost mediastinal and ecardiae attachments the 
blood supply would be preserved. Unfortunately, this did not oceur in most 
of the cases. Many of the pericardial grafts were found to be gangrenous, 
even proximal to the point of entrance into the heart. Fig. 4, Dog 19, is typ- 
ical of the gangrenous appearance of a number of these specimens. This was 
by no means routine, however. About one-third of the grafts appeared to be 
healthy and have adequate blood supply. 

Within a few hours postoperatively a very significant amount of swelling 
of the graft within the heart appeared. Even the slings of those animals dying 
within twenty-four hours were swollen; one animal, dying forty-eight hours 
after surgery, had a graft that was at least twice its original size. The most 
reasonable explanation for this (assuming a reasonably normal blood supply 
within the graft) seems to be the ability of this connective tissue structure. to 
absorb fluid from the new environment (blood, in which it is constantly 
bathed). The myxomatous nature of that portion of the graft within the 
chamber of the left ventricle is indicative of this (Fig. 5, A). One look at 
the grafts after they have existed within the heart for a time will readily 
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supply the answer as to the cause of failure in these animals. The swollen 
slings, situated beneath the mitral orifice, undoubtedly produce no small de- 
gree of obstruction to the flow of blood from the auricle to the ventricle. What 
flexibility there was when the sling was first constructed is lost as the strue- 
ture enlarges, and, therefore, what flexibility there was when the sling was 
first constructed is lost as the structure enlarges and, therefore, the heart 
must contend with the factors of mitral valvular insufficiency and an inflexible 
obstructing mass beneath the mitral orifice. 





Fig. 2.—Dog 19. Twenty-one days postoperatively. Right heart enlargement and dilatation 
of the outflow tract of the right ventricle is observed. 


The second type of histologic change observed was hyalinization of the 
graft (Fig. 5, B). As hyalin degeneration advances the graft becomes more 
and more rigid and therefore less and less of a functioning structure. Fig. 3 
demonstrates a 16-week-old sling within the left ventricle. Fig. 3, A shows the 
graft tied in the position assumed during systole when it was younger and 
more elastic. Actually, when this heart was opened the graft was in a fixed 
position obliquely through the chamber and was not functioning at all. When 
forced into the position it should assume during diastole (B) and held in posi- 
tion with a tie, it is possible to see how inelastic and brittle the strueture had 
become by noticing the crack along its inferior portion. 
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DISCUSSION 


It is not always reasonable to survey human pathology and therapy in 
the light of experiences gained from experimental work on animals. Cer- 
tainly, concluding that the production of an anastomosis between the sub- 
elavian artery or aorta and the pulmonary artery was a useless procedure be- 
cause in dogs, within a relatively short period of time, these anastomoses be- 
come obliterated would be an error. Likewise, we cannot be too dogmatic 
about the fate of intraventricular pericardial grafts in dogs whose hearts 





Fig. 3.—A, Dog 12, sixteen weeks postoperatively, showing graft held in systolic position. 
Graft is rigid and inflexible. B, Same heart as A, position of graft in diastole shown. Note 
split in graft (X) produced by bending it to this position revealing its inelastic structure. 
are not subjected to the pathologie changes which only the genuine disease ean 
manufacture. At the same time, we cannot help but recall how Powers,‘ over 
twenty years ago, transplanted pericardium, among other substances, within 
the animal’s heart in order to reproduce the effects of mitral stenosis. Re- 
membering the preliminary report of Murray,’ almost fourteen years ago, 
who used endothelial (venous) grafts in a similar manner to correct the in- 
competent mitral valve artificially produced in dogs, we cannot help ponder- 
ing over the fate of the initial enthusiasm in this work. 

In contemplating surgery for mitral insufficiency many diverse factors 
must be considered. 

1. Some of these cases, particularly in the younger age groups, repre- 
sent, actually, a phase in the development of mitral stenosis whereby the 
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stenosing process is preventing proper closure of the cusps. In time, with 
progressive fusion of the cusps, the regurgitant valve may become a truly 
stenotic one without appreciable regurgitation. To intercede by treating such 
a valve for its incompetence would be producing a situation possibly far worse 
and less compatible with life than severe stenosis alone. Certainly, the 
surgeon, must be sure he is dealing with ‘‘pure’’ mitral regurgitation (if such 
exists) or the final pathologic state of insufficiency associated with a degree of 
stenosis, rather than an interim stage of the stenosing process when surgical 
intervention for an incompetent valve is being considered. 





Fig. 4.—Dog. 19. Twenty-one days postoperatively. Gangrenous pericardial pedicle 
shown. Pedicle attachment to heart (a). Site of entrance of graft into left ventricular 
chamber (b). 


2. The constant trauma to the diseased cusps by the repeated impact of 
the graft (should pliability remain in the graft) with each systole might con- 
ceivably produce additional damage or even reactivate endocarditis. 

3. Since the transplanted pericardium becomes fused with the myo- 
eardium at its point of entrance and exit, it renders a rather considerable 
portion of surrounding myocardium functionless as muscle. The additional 
possibility of the graft becoming rigid and inelastic within the chamber of the 
heart would undoubtedly diminish the force of contraction of the left ven- 
tricular muscle as well as providing less muscle available for contraction. 
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4. If the myxomatous and hyaline degenerative changes within the graft 
result from absorption of fluid substances from the blood, if altered vascular 
supply to the graft plays any role in the production of the type of tissue seen 
after six weeks in the experimental animal, then, most assuredly, the pro- 
cedure of employing pericardium as outlined previously is not applicable to 
the correction of the incompetent human mitral valve. 


= f 1 Fare 


y) 








Fig. 5.—A, Photomicrograph of a _ section of the pericardial graft lying within the 
ventricle after nine weeks. Myxomatous degenerative change (a). Suture material (b). 
Note absence of significant inflammatory changes about the foreign body (suture). B, Hyaline 
a | the pericardial tissue after nine weeks. This portion was lying within the 
ventricular wall. 


SUMMARY AND CONCLUSIONS 

1. The operative technique is described whereby pericardium is utilized 
as a slinglike pedicled graft within the left ventricular chamber to prevent 
regurgitation of blood through the mitral orifice. 

2. Experience with this procedure in thirty dogs is discussed with par- 
ticular emphasis on the ultimate fate of this tissue when transplanted into this 
blood-filled environment. 

3. It is considered significant that two-thirds of the animals died within 
four weeks; deaths were attributed, in all but one ease, to eardiae decompensa- 
tion. Most of the survivors showed clinical evidence of some degree of failure. 
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4. The clinical picture of cardiac decompensation as well as, the findings 


at autopsy are considered results of alteration of the pericardial tissue so as to 
produce obstruction without relieving insufficiency of the mitral orifice. 


5. In about two-thirds of these grafts, the blood supply was not retained 


through the pedicle as anticipated it might be. 


6. The applicability of this procedure to human eases of mitral incom- 


petence would not seem to be justifiable. 


7. From our experimental observations it is concluded that pericardium 


used in this manner is not suitable as an intracardiae graft. 


The authors are indebted to the advice, guidance, and constructive review of this 


material as given by John E. Gregory, M.D., Professor of Pathology, Hahnemann Medical 
College and Hospital and Robert P. Glover, M.D., Clinical Professor of Surgery and Thor- 
acie Surgery, Temple University School of Medicine and Hahnemann Medical College and 
Hospital. 
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NATURE OF BLEEDING IN ESOPHAGEAL VARICES 


THEODORE W. WAGENKNECHT, M.D., JoHN F. Nose, M.D., ano 
Ivan D. Baronorsky, M.D., St. Paun, MINN. 


(From the Departments of Pathology and Surgery, The University of Minnesota Medical 
School, Minneapolis and The Ancker Hospital, St. Paul | Affiliation] ) 


IIE mechanism by which hemorrhage occurs in cases of portal hyper- 

tension has always been a difficult problem for both the pathologist and 
the clinician. The widely accepted thesis that bleeding from esophageal 
rarices is the result of increased hydrostatic venous pressure with a subse- 
quent mechanical rupture of a varix into the lumen of the esophagus has al- 
ways been difficult for us to accept. Tremendously dilated and poorly sup- 
ported veins also occur in the peritoneal cavity of patients with portal hyper- 
tension, and they are also constantly observed in the proximal portion of the 
esophagus in patients with obstruction of the superior vena cava, and yet, 
in spite of venous hypertension, rupture of these dilated venous channels 
rarely if ever occurs. Certainly it is reasonable to think that mechanical rup- 
ture of esophageal varices is not the sole cause of esophageal bleeding in portal 
hypertension. It would appear more likely that, at least in some instances 
and perhaps in the majority of cases, regurgitation of gastric contents with a 
resultant ulceration of the esophageal mucosa and the underlying thin-walled 
varix would be a more logical sequence. This latter combination of events has 
already been suggested by Baronofsky and Wangensteen.1 They proposed 
the theory that acid peptic ulceration of esophageal mucosa occurred in these 
cases, and they have performed gastrectomy in the treatment of these cases 
as a means of reducing gastric acidity and thus decreasing the probability of 
esophageal ulceration.2 This proposal has, however, not been looked upon 
favorably by certain workers interested in the problem of portal hypertension 
and the control of hemorrhage resulting from it. In fact, it has been stated 
that ulceration of the esophagus in portal hypertension has never been ob- 
served.° 

MATERIAL 

This study was attempted to determine, if possible, the microscopic ap- 
pearance of the lesions responsible for hemorrhage in a series of cases coming 
to autopsy at the Ancker Hospital between January, 1930, and July, 1951. 
The cases studied were, with three exceptions, cases of fatty metamorphosis 
or cirrhosis of the liver in which massive hemorrhage into the gastrointestinal 
tract was demonstrated at autopsy and in which esophageal varices were the ob- 
vious or presumed cause of the hemorrhage. Excluded from this study were 
eases in which caustics had been swallowed, in which blood dyserasias were 


Supported by a grant from the Graduate School of the University of Minnesota. 
Received for publication, Aug. 14, 1952. 
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present, or in which primary or metastatic tumors were found in the gastro- 
intestinal tract. Sixty-six cases answering these criteria were found in this 
series of 10,962 autopsies. It was a matter of considerable chagrin to one of 
us (J. IF’. N.) to find that in only forty-four of the cases was sufficient material 
available to warrant review. The available material consisted of previously 
prepared microscopic slides of the esophagus and/or pieces of the esophagus 
preserved in formalin. In no instance had the entire esophagus been pre- 
served and in no instance, judging from the size of the specimens preserved, 
was even the lower one-third of the esophagus available. 


METHODS 


The clinical histories and the autopsy protocols in this series of sixty-six 
cases were first studied and pertinent data were recorded. Twenty-two cases 
were discarded because of the lack of adequate material for review purposes. 
In the remaining forty-four cases, the filed microscopic slides were reviewed, 
and the findings were recorded. The preserved specimens were then studied 
by gross examination and additional tissue blocks were taken for microscopic 
study. Because of the difficulty in recognizing small breaks in the continuity 
of the esophageal mucosa, the specimens were stained with 2 per cent fluores- 
cein in the same manner that the ophthalmologist stains the cornea, in order 
to demonstrate small corneal ulcers. The method was found to be very help- 
ful and frequently multiple minute areas of ulceration could be detected. 
These were selected and carefully blocked for microscopic section. In some 
instances the areas of ulceration were large enough to be easily recognized. 
Only those cases showing definite acute and chronic inflammatory infiltration 
with or without necerosis were considered positive. No effort was made to 
differentiate ulceration secondary to esophagitis from acid peptic ulceration. 


RESULTS 


In twenty of the forty-four cases studied definite lesions were found which 
were felt to account for the bleeding. In ten cases the lesions were discovered 
by study of the routine slides on file, and in ten cases the lesion was demon- 
strated only after careful examination of the preserved specimens in the man- 
ner described. In nineteen of the twenty cases the lesions proved to be defi- 
nite ulcers. In one case it was felt that the microscopic picture demonstrated 
a mechanical rupture of a varix. Fortuitously, it was found that there was 
a break in continuity of the esophageal mucosa corresponding to a break in 
the underlying varix, so that there was direct communication between the 
lumen of the esophagus and the varix with a total absence of inflammatory re- 
action. Table I is a brief summary of the cases showing bleeding lesions. 
There were three cases in this series in which no liver pathology could be dem- 
onstrated on microscopic section despite the fact that esophageal varices were 
present. In one case thrombosis of the portal vein was present.* In two 
other cases no explanation for the presence of esophageal varices was found. 





*This case is included through the courtesy of Dr. Fred Lott of Northwestern Hospital, 
Minneapolis, Minn. 
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However, careful dissection of the portal system was not earried out, and a 
point of obstruction could easily have been missed. It is an accepted fact, 
however, that varices can occur in the absence of liver or portal vein pathol- 
ogy." 

In the remaining twenty-four cases the cause of the bleeding could not 
be demonstrated microscopically in spite of the fact that in some instances 
bleeding points had been described grossly. 


MICROSCOPIC DESCRIPTION 


The lesions demonstrated were, with few exceptions, small multiple areas 
of ulceration of the esophageal mucosa, frequently involving an area less 
than the size of a low-power microscopic field. The lesions regularly showed 
a break in the continuity of the esophageal mucosa and a definite inflam- 
matory infiltration of the ulcer beds consisting of polymorphonuclear leuko- 
eytes and lymphocytes. Polymorphonuclear leukocytes predominated. The 
ulcers were invariably directly over a varix, and in several instances the actual 
break in the wall of the varix was fortuitously demonstrated. It would seem 
reasonable to think that serial sections of these ulcers would, in a high per- 
eentage of cases, show a direct communication between the varix and the 


lumen of the esophagus. 
DISCUSSION 


As previously stated, we are of the opinion that hydrostatie distention with 
subsequent rupture of esophageal varices is not the sole cause of hemorrhage 
in eases of portal hypertension, and evidence has been presented to show that 
in many instances the lesions are ulcerations of the esophageal mucosa which 
are microscopically similar to acid peptic ulceration of the esophageal, gastric, 
and duodenal mucosa. Such lesions were found in nineteen of forty-four cases 
examined, or in 43.1 per cent. This demonstrated frequency of esophageal 
uleeration in cases of portal hypertension is far in excess of the quoted in- 
cidence of 7 per cent disclosed in a series of routine autopsies.°® 

It is also felt that if the entire esophagus in these cases had been sub- 
jected to the same scrutiny as was used on this material, which is admittedly 
incomplete, the percentage of such lesions would be considerably greater. 
Such a study is planned in the future on cases encountered on this autopsy 
service. 

In support of the theory that acid peptic digestion of the esophageal 
mucosa occurs, it should be pointed out that regurgitation of gastrie juice 
into the lower esophagus is not an uncommon occurrence® and that the normal! 
esophageal mucosa is very susceptible to acid peptic injury.’ Furthermore, 
it is also true that its effect is even more deleterious to the diseased or in- 
jured esophageal mucosa.® It has also been shown that with impairment of 
the nutrition of the esophageal, gastric, and duodenal mucosa, due to venous 
pooling, these membranes are very susceptible to digestion by gastrie juice.’ 

From the preceding discussion it would appear that any procedure di- 
rected toward the reduction of the acid peptie activity of the stomach would 
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be desirable in the treatment of bleeding due to erosion of the esophageal 
mucosa-overlying varices. The ultimate goal would be the successful treat- 
ment of the etiologic factors causing portal hypertension. However, until a 
successful means of preventing or curing portal cirrhosis, Banti’s disease, and 


Fig, 1. 





Fig. 2. 
Fig. 1.—Section of one of the ulcers of the esophagus showing the dense acute inflam- 
matory infiltration of the ulcer bed with the underlying varices. 


Fig. 2.—Section of one of the larger ulcers with the same acute inflammatory infiltration 
of the ulcer bed and the enormous underlying varices, some of which are partially thrombosed. 
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portal thrombosis is devised, any therapy directed at controlling hemorrhage 
in these eases is desirable because of the serious prognostic implication of 
bleeding. 

CONCLUSIONS 


1. In a series of forty-four cases of bleeding esophageal varices, nineteen 
or 43.1 per cent showed ulcerative lesions of the esophageal mucosa overlying 
varices. These were felt to be the lesions responsible for the hemorrhage. 

2. In one ease the evidence pointed to a mechanical break in an esophageal 
varix. 

3. It is felt that acid peptic action of the gastric juice on the esophageal 
mucosa is an important factor in the initiation of bleeding in esophageal 
varices. 
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HYPOTHALAMIC INFLUENCES ON HYDROCHLORIC ACID 
SECRETION OF THE STOMACH 
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Lone Beacu, Ca.ir. 


(From the Veterans Administration Hospital, Long Beach, Calif., and the Departments of 

Anatomy and Surgery, School of Medicine, University of California at Los Angeles) 

HE role of the central nervous system in the formation of peptic uleers has 

long been obscure. The increasing controversy regarding the efficacy 
of vagotomy in the treatment of this condition, however, has made it evident 
that further investigation of neural mechanisms in ulcer formation is essential. 
Moreover, recent observations concerning the exacerbation of uleer symptoms 
in patients receiving ACTH therapy have stimulated additional speculation 
in this regard. 

As the hypothalamus has been directly implicated in the past, both in the 
formation of peptic ulcers* * * '° and in the function of the pituitary-adreno- 
cortical mechanisms,* “* it appeared that attention directed to this area of 
the brain might be most fruitful. For this reason, experiments were under- 
taken in order to study alterations in gastric hydrochloric acid secretion induced 
by stimulation of the hypothalamus. The results emphasize the existence of 
dual or alternate routes by which hypothalamic influences may be exerted up- 
on hydrochloric acid secretion by the stomach. In addition to influences well 
known to be mediated by the vagus nerve,' it appears that important altera- 
tions are exerted through the pituitary-adrenal system. 


METHODS 


Monkeys were anesthetized with cyclopropane and the operative exposure 
margins were infiltrated with 1 per cent procaine. For most experiments, con- 
centric bipolar electrodes were placed in the anterior or posterior hypothalamus 
after making small burr holes in the cranium. Condenser discharge stimuli 
of two volts were delivered at a frequeney of five per second for thirty seconds. 
Gastric samples were obtained through a Levin tube before stimulation and at 
half-hour intervals for five hours thereafter, and their hydrogen ion econeentra- 
tions were determined with a glass electrode pH meter. Animals had been fasted 
for twenty-four hours and the stomach emptied as completely as possible before 
stimulation. 

In animals so prepared, experiments were performed in which the anterior* 
or posteriort hypothalamus was stimulated (A) in intact animals, (B) forty- 


Aided by a grant from the National Institutes of Health, United States Public Health 


Service. 
Received for publication, July 8, 1952. 
*Anterior sites were at the level of the optic chiasma within 3 mm. of the midline. 
+Posterior sites were in the mammillary bodies or the tuber cinereum. 
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eight hours after bilateral vagotomy, (C) forty-eight hours after bilateral 
adrenalectomy, (D) forty-eight hours after bilateral adrenalectomy and vagot- 
omy, (E) forty-eight hours after low cervical section of the spinal cord, and 
(I*) forty-eight hours after low cervical section of the spinal cord and bilateral 
vagotomy. At the completion of these stimulation experiments, electrode 
placements were verified microscopically. 

In a second series of experiments, the gastric hydrochloric acid response 
to subeutaneous insulin (0.2 u. per kilogram) and ACTH (10 mg. per kilogram) 
was measured in intact animals forty-eight hours after bilateral vagotomy, and 
forty-eight hours after bilateral adrenalectomy. 
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vagotomy and after vagotomy and adrenalectomy. 
RESULTS 

Intact Preparations——The gastric acid curve obtained when the anterior 
hypothalamus was stimulated followed the well-established pattern seen with 
vagal excitation. The highest acid values obtained were 1 to 1.5 pH units, and 
maximal acidity was reached one-half to one hour after stimulation. The pll 
of gastrie contents returned to the prestimulation levels (4 to 6 pH units) 
within three hours (Fig. 1). 

When the posterior hypothalamus was stimulated, an acid curve was pro- 
duced similar quantitatively to that described, but the pH did not begin to fall 
until two to two and one-half hours after stimulation. A maximum drop in 
pli was reached three hours after stimulation and normal values were restored 
within five hours. 

Vagotomy.—Bilateral vagotomy completely abolished the gastrie acid re- 
sponse to anterior hypothalamic stimulation. The delayed response seen after 
posterior hypothalamic stimulation, however, was totally unaffected by this 
procedure (Fig. 1). 
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Adrenalectomy.—When adrenalectomy preceded anterior hypothalamic 
stimulation, the gastric acid secretion curve was similar to that of intact 
animals. However, the delayed acid response to excitation of the posterior 
hypothalamus was entirely eliminated under these conditions. 

Adrenalectomy and Vagotomy.—No increase in gastrie acid secretion could 
be elicited by stimulation of either anterior or posterior hypothalamus after 
bilateral adrenalectomy and vagotomy had been performed (Fig. 1). 

Spinal Cord Section.—Section of the spinal cord at a low cervical level 
had no effect on the gastric curve obtained by anterior or posterior hypothalamic 
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Fig. 2. Gastric hydrochloric acid secretion induced by insulin. Graph shows the average 
gastric acid response to intravenous insulin in the intact animal, after vagotomy and after 


adrenalectomy. , 
Spinal Cord Section and Vagotomy.—The gastric acid curves obtained by 


hypothalamic stimulation after vagotomy plus spinal cord section were similar 


to those seen with vagotomy alone. 


Insulin.—In intact animals, the increased secretion of gastric hydrochloride 
induced by administration of insulin began within one-half hour and reached a 
maximum within one and one-half hours, but did not return to normal for four 
to five hours, thus exhibiting features of the responses to both anterior and 
posterior hypothalamic stimulation. After vagotomy, however, the gastric acid 
response to insulin administration was delayed and followed a curve similar 
to that seen with posterior hypothalamic excitation in the intact animal. After 
adrenalectomy, the gastric response to insulin was limited to the curve seen 


with anterior hypothalamic stimulation (Fig. 2). 
ACTH .—tThe administration of ACTIT to unoperated animals produced an 
increase in gastric acid secretion which was very similar to that resulting from 
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posterior hypothalamic stimulation. Vagotomy had no effect on this response, 
while adrenalectomy abolished it completely. 

DISCUSSION 


These results clearly indicate that the hypothalamus affects the secretion 
of hydrochloric acid in the stomach by two distinet and separate routes (Fig. 3). 





m= NEURAL 
—-— HORMONAL 
severe UNDETERMINED 


Fig. 3.—Neural influence upon gastric hydrochloric acid secretion. Diagram shows two 
pathways by which the hypothalamus can influence gastric function. Frontal lobe influence 
upon both anterior and posterior hypothalamus is diagrammatically represented. 





The first, which is entirely neural in nature, originates in the anterior hypo- 
thalamus and reaches its destination by way of the vagus nerve. Its stimulation 
gives a prompt increase in gastric hydrochloric acid, reaching a maximum 
within one-half to one hour. This response to anterior hypothalamic citation 
is unaffected by adrenalectomy or cervical cord section, but is abolished by 
vagotomy. Furthermore, the promptness with which this response occurs ap- 
proaches that induced by direct stimulation of the peripheral end of the 


vagus nerve.” 








ee HYPOTHALAMUS AND HYDROCHLORIC ACID SECRETION 879 

A second and entirely separate route through which central neural influences 
may be exerted on gastric hydrochlorie acid elaboration arises in the posterior 
hypothalamus and thereafter appears to be humoral in nature, being mediated by 
the pituitary-adrenal system. Its excitation causes an increase in gastric acidity 
which develops later than that herein described, the peak being reached only 
after two or three hours. Since this response to stimulation of the second path- 
way is unaffected by vagotomy or section of the cervical cord, neither the para- 
sympathetic nor the sympathetic divisions of the autonomic system appear to be 
directly involved in its transmission. Conversely, the influence of this second 
pathway is completely blocked by adrenalectomy, whether or not the vagi are in- 
tact. Furthermore, the tardiness with which this response occurs simulates the 
late rise in gastric acidity upon administration of ACTH. 

The gastric secretion curve which follows the injection of insulin appears 
to be a combination of the results of exciting both of the systems just described 
in that it shows a prompt fall in pH and a delayed return to normal. Vagotomy 
converts the response to insulin to a type seen on posterior hypothalamic stimu- 
lation and adrenalectomy to that seen on anterior hypothalamic excitation. It 
would appear, therefore, that insulin excites hydrochloric acid secretion 
through both channels. 

These data on the monkey may be expected to approximate more closely 
those concerning human physiologic processes than others previously reported 
in carnivores. In many respects, however, particularly coneerning vagal 
mechanisms, the observations reported here support those described in the eat 
and dog, and hence strengthen extrapolations of these experimental findings to 
man. 

In addition to confirming and extending knowledge of hypothalamic- 
vagal influences on secretory functions of the stomach, the present findings ex- 
pand the seope of problems concerning hydrochloric acid secretion and possibly 
uleer formation by demonstrating a second route through which the hypo- 
thalamus can alter gastric physiologie activities through the pituitary-adrenal 
system. 

SUMMARY 


Stimulation experiments in the monkey reveal dual hypothalamie influ- 
enees increasing the seeretion of gastrie hydrochloric acid. 

The first originates in the anterior hypothalamus, is conducted through the 
vagus nerve, and is blocked only by vagotomy. The peak of its response is 
prompt. 

The second, whose peak response is later, arises in the posterior hypo- 
thalamus, is conducted humorally through the pituitary-adrenal system, and is 
blocked only by adrenalectomy. 

The inerease in gastric hydrochloric acid induced by administration of 
insulin, exhibits features of the responses to both anterior and posterior hypo- 
thalamic stimulation. 


Acknowledgment.—We wish to express our appreciation to Miss Cora Rucker for prepar- 
ing the brains for microscopic study, and to Messrs. Charles Bridgman and Timothy Dodge 
for preparation of figures. 
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SPONTANEOUS FISTULA OF THE ABDOMINAL WALL WITH 
CHRONIC PANCREATITIS, ABSCESS FORMATION, 
AND CALCULI 


ARKELL M. VauGun, M.D., ANnp WiLuiAM B. Hossins, M.D., Curcaao, Iu. 


(From the Department of Surgery, Stritch School of Medicine, Mercy and 
Cook County Hospitals) 


Fyre of the pancreas, pancreatic calculi and spontaneous fistula of the 
abdominal wall are seldom encountered. We observed all three phenomena 
simultaneously in one patient. 

Constant and/or paroxysmal pain, at times severe and often excrutiating, 
is a primary characteristic in the clinical syndrome of pancreatic calculosis 
and chronic pancreatitis. It is particularly pathognomonic of pancreatic 
ealeuli which cause pain by distending the small ducts. 

In our patient, a pancreatic abscess fistulized spontaneously through the 
anterior abdominal wall, accompanied by pancreatic calculosis in a chronic 
pancreatitis marked by the absence of pain. 

LITERATURE 

According to Christopher,? abscess of the pancreas and pancreatic calculi 
are rare, and consequently pancreatic caleulosis is seldom diagnosed except at 
autopsy. In his opinion, the symptomatology of chronic pancreatitis is grouped 
about pain. The symptoms of pancreatic ecaleuli are not distinctive, he noted, 
but suggest chronic pancreatitis, except that pain in the epigastrium is more 
marked in pancreatic calculosis. 

Eisendrath and Goodkind? reported a pancreatic abscess following sub- 
acute pancreatitis. Bevan® described an abscess of the pancreas with a 
pancreatic mass of unknown etiology that developed one year after removal of 
gallstones and drainage of gall bladder. Davis‘ also discovered an abscess of 
the pancreas of unknown etiology. Ochsner® found an abscess in the tail of the 
pancreas which ruptured spontaneously after exploratory laparotomy for a 
perforated gastric ulcer, later pronounced malignant. 

A pancreatic abscess with common duct stones was observed by Batchelor.° 
Beller and Nach’ observed an unusual pancreatic abscess with a coexisting 
cholelithiasis. Steingrohn® reported a silent abscess of the head of the pancreas 
and obstruction of the common duct with icterus. 

Jacobs, St. Onge, Storry, and Summers,’ described a death from rupture 
of a liver abscess into a large venous channel. They concluded that a single 
invasive abscess, of unknown origin, in the right lobe of the liver, pointed to 


Endamoeba histolytica. 
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Martin and Canseco,’° in a series of twenty-one patients from 1940 to 1947, 
reported only eleven calcified areas in the pancreas diagnosed clinically, ten at 
autopsy. They believed that pancreatie caleuli are usually diagnosed only by 
roentgen examination of the abdomen, laparotomy, or autopsy. 

Rienhoff and Baker," in a preliminary report, presented a case of pancreo- 
lithiasis which they believed offered incontrovertible evidence that pain is one 
of the most disabling symptoms of chronic pancreatitis and pancreolithiasis. 

Because pain seems important in the symptomatology of chronic pan- 
creatitis and pancreatic caleulosis, we re-emphasize the striking absence of acute 
or severe abdominal or epigastric pain in our patient. This rare entity hampered 
the diagnosis, which was determined only at post mortem. 

Abdominal fistulas occurring soon after surgery, through new or recently 
healed incisions or drainage tube sears, or from trauma of the abdominal wall or 
surrounding tissue are not infrequent. However, the incidence of spontaneous 
fistula unrelated to recent surgery or drainage tube therapy, and with no his- 
tory of trauma, is rare. 

In our patient, a fistula of the anterior abdominal wall of unknown etiology, 
drained spontaneously through an old cholecystectomy sear, seventeen years 
after removal of the gall bladder. 


CASE REPORT 


M. S., a 47-year-old man, entered Cook County Hospital July 27, 1950. He complained 
of soreness and tenderness of the abdominal wall of four days’ duration, but was in no 
severe distress. He was admitted as a diabetic with a suspect diagnosis of cellulitis of the 
abdominal wall. 

The patient was emaciated, weighing 107 pounds (normal weight, 147). He had lost 
40 pounds in the past year. Diarrhea for ten weeks, with ten to twelve watery, nonodoriferous 
stools a day, had not responded to treatment. Diabetes had been detected at the Cook County 
Hospital Clinic in March, 1950. Although on a diabetic regimen, he persisted in spilling 
two plus sugar in the urine. Soreness and redness of the abdominal wall were centered 
around a 17-year-old cholecystectomy scar. He had had intermittent fever and chills for 
three days, during which the diarrhea increased to fourteen to sixteen stools daily. Blood 
was never noted in the stools. There was no vomiting, nausea, belching, or bloating. 

The patient had been quite a heavy drinker from the age of 42 to 46 years. He had 
an appendectomy at 20 years, and a cholecystectomy at 30 years, besides the usual childhood 
diseases. The cholecystectomy wound had drained a foul, sticky material through a drainage 
tube for six weeks. He had since been well, until the present illness. 

Family history was negative for diabetes. 

Physical examination revealed several small hard lymph nodes present bilaterally in 
the axilla. Blood pressure was 112/76, pulse 100, temperature 102° F., and respiration 18. 
Physical examination was otherwise negative. 

The abdomen showed marked venous distention with a scaphoid contour. <A right rectus 
scar with a drainage scar at the upper end was noted. The abdomen was soft, but the area 
was markedly inflamed, indurated, and associated with superficial tenderness. There was a 
McBurney’s scar in the right lower quadrant. No rebound tenderness or rigidity was noted. 
Bowel sounds were present and normal. Murphy punch was negative. 

Impression on admission was cellulitis of the abdominal wall, diabetes mellitus, and 
diarrhea of undetermined origin. 

Blood count showed red blood cells 3,210,000, white blood cells 12,000, and hemoglobin 
63 per cent, with a differential count of polymorphonuclears 68 per cent, lymphocytes 27 per 
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cent, eosinophils 2 per cent, and monocytes 3 per cent. Urinalysis showed urobilinogen plus 
three, albumin plus one, red blood cells three to six, and white blood cells eight to ten. 

Stool benzidine was negative, Kahn test negative, nonprotein nitrogen 24 mg., thymol 
turbidity 7.6, cephalin flocculation two plus, blood sugar 182 mg., gamma turbidity 1.91 per 
cent, total protein 6.7 Gm., total cholesterol 130 mg. per cent, alkaline phosphatase 16.6 
Bodansky units, icterus index seven. 

Immediate therapy was a diabetic regimen and bismuth subcarbonate, opium capsules, 
and 50,000 units of aqueous penicillin every three hours. Surgical consultation was called. 

Examination revealed an area of cellulitis draining through the old cholecystectomy scar. 
Temperature was normal. The patient was transferred to a surgical ward, as the cellulitis 
was believed to be evidence of a walled-off anterior abdominal abscess draining spontaneously. 
Etiology of the abscess was still undetermined. 
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Fig. 1.—Diagrammatic sketch showing course of pancreatic abscess and resulting fistula into 
duodenum and anterior abdominal wall. 


During the next six weeks the patient remained afebrile with ten stools a day. Urine 
was negative. The fistula continued open and was the only remaining finding. The patient 
went into insulin shock several times. Insulin was stopped and he was put on a high ecarbo- 
hydrate, high protein diet, but failed to gain weight. All known therapy failed to stop the 
diarrhea. During this period many examinations were undertaken to determine the pathology. 

Frequent stool examinations showed no parasites, undigested food, or blood. Proctoscopy 
revealed no pathology, and mucosa was normal. 

Blood glucose and daily urinalyses were taken. Repeated blood chemistries were drawn 
because of fear of electrolyte disturbance caused by the diarrhea. 

Potassium sodium, chlorides, carbon dioxide combining power, total proteins, non- 
protein nitrogen, as well as serum agglutinins and amylase, were normal. 

Examination of the fistulous material revealed no significant findings as to digestive 
power, bile, amylase, and so forth. The drainage, 30 to 40 ¢.c. a day, was mucoid. 


X-ray examination of the stomach demonstrated a deformed duodenal bulb. The colon 
was normal. Gall bladder did not visualize. Electrocardiogram was negative. 
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Without definite etiology for the fistula, we attempted to close the lesion by constant 
water suction after examination with Lipiodol showed the fistula to communicate with the 
stomach. However, repeat barium meal and ingestion of dyes revealed no connection to the 
abdominal wall. After ten days of suction the fistula closed. It is interesting that on closure 
of the fistula, the patient’s stools decreased to three a day. The fistula reopened in about 
nine days and the frequency of stools returned to ten a day. Never was there excoriation of 
the skin of the abdominal wall. 

On Sept. 21, 1950, stools showed Endamoeba histolytica (dwarf type). The patient was 
placed on 250 mg. of Vioform three times a day and % gr. of emetine twice daily. There 
was an immediate exacerbation of the diarrhea, and these stools also showed Endamoeba 
histolytica. After two weeks, antiamocbic therapy was stopped; no improvement had been 
noted. 

The course from this point on was markedly downhill. Despite a good appetite the 
patient inexorably lost weight. Blood sugar varied from 147 mg. to 215 mg., but no correction 
was made because of previous insulin shock. 

On Oct. 17, 1950, despite an apparent absence of pain, we thought that the entire 
picture could be explained on the basis of pancreatic disease. Unsuccessful attempt was 
made to perform a secretin test. The stool revealed no unusual amounts of undigested food. 

Four months after admission, the patient first noted bloody drainage (20 c¢.c.) from 
the fistula. Then the fistula closed permanently. Closure was followed by a severe chill, and 
fever of 103.6° F. Supportive therapy included blood, intravenous fluids, KCl, vitamins, 
penicillin, streptomycin, emetine, and Vioform, in therapeutic doses. 

On the third day of this febrile course, tenderness developed in the right upper 
quadrant. There were no other significant findings. 

On Dec. 11, 1950, the patient died. His temperature of 105.6° F. for two days, had 
resisted all known therapy. During the previous eleven days, all electrolytes had been 
maintained within normal limits. 

At an abdominally limited post-mortem examination, the abdominal contents were 
removed en masse. The findings were: about 200 c.c. of clear straw-colored fiuid in the 
abdominal cavity, and enlarged liver with a protruding abscess 3 em. in diameter on the 
anterior surface of the right lobe. The old fistulous tract entered the hepatoduodenal liga- 
ment where a small abscess (20 ¢.c.) was found. This abscess had perforated into the 
duodenum. The mucosa of the duodenum was intact. The abscess continued as a small 
tract 1 em. in diameter through the gastrohepatic ligament to the tail of the pancreas, where 
an old abscess cavity gave evidence of recent bleeding. Marked atrophy of the pancreas was 
almost completely replaced by fibrous tissue. The duct, markedly dilated, contained numerous 
stones in the head area. 

The original abscess was adjacent to the portal vein, which, on opening, disclosed 
marked thrombophlebitis. Multiple abscesses were found throughout the liver as a result 
of the widespread thrombophlebitis. Post-mortem diagnosis was abscess of the pancreas with 
calculi and liver abscesses. 


COMMENT 


Our patient finally died from liver abscesses caused by thrombophlebitis 
of the portal vein. Clinically the pathology was manifested by protracted diar- 
rhea and diabetes. Many stool examinations were needed to find the Endamoeba 
histolytica, which was not, however, the causative agent as far as we know. 

Surgical intervention was deferred and finally decided against because of 
a preponderance of contraindications. Because of the unusual absence of severe 
abdominal or epigastric pain, surgical interruption of the autonomic sensory 
fibers by means of vagotomy and/or sympathectomy was not indicated. The 
gall bladder had previously been removed, and involuntary implanting of the 
fistula into the duodenum had already taken place. 
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In our opinion, this patient could probably not have been helped by any 
of the now accepted surgical procedures for chronic pancreatitis or pancreatic 
ealeulosis, such as subtotal or total pancreatectomy, or ligation of the pancreatic 


duct (duct of Wirsung). 
It is evident from the absence of pain in the presence of pancreatic caleu- 
losis, discovered at autopsy, that pancreatic calculi may remain silent. 


SUMMARY 


A rare case of abscess of the pancreas and pancreatic ealculosis, and a pain- 
less chronic pancreatitis, is presented. 

Simultaneously, an abdominal fistula drained both duodenally and to the 
outside spontaneously, at the site of an old cholecystectomy sear, seventeen years 
after gall bladder surgery. 

Diagnosis and therapy were made difficult and surgical intervention was 
discouraged because of severe complicating pathology of protracted diarrhea 
and diabetes, elusive etiology, absence of severe abdominal or epigastric pain, 
previous removal of gall bladder, and extreme debility. 

Atypical symptomatology, pathologie and laboratory data, and post-mortem 
findings of liver abscesses, extensive pancreatic fibrosis, numerous ealeuli, and 
a residual pancreatic abscess cavity are described. 

Diagnosis of abscess of the pancreas, delayed until autopsy, indicates one of 
the end results of chronic pancreatitis. 

Liver abscess caused by thrombophlebitis of the portal vein was the actual 


cause of death. 
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RADICAL GROIN SURGERY WITH PARTICULAR REFERENCE TO 
POSTOPERATIVE HEALING 


J. P. WoopuHaui, M.D., Macon, Ga. 





HE general surgeon is oceasionally faced with the task of performing a 

radical groin dissection. Not infrequently is the operation found to be a 
trying experience for both the surgeon and the patient. Groin dissection for 
malignancy metastatic to the inguinofemural nodes is commonly associated 
with the postoperative complications of delayed wound healing, skin necrosis 
and slough, infection, and persistent lymph drainage from the wound.* ® 1% 1% ' 

Our interest in the problems of wound healing in groin dissection arose 
when we first applied the Baronofsky procedure’ to Case 1 in this series in 
1949. This first patient had extensive carcinomatous involvement of the nodes 
and skin bilaterally. Much skin was sacrificed and the wounds were closed 
under tension. Necrosis and open wounds resulted. The next six dissections 
using this procedure healed per primam. 

The Baronofsky operation is technically a superficial groin dissection. 
When it is employed, the superficial and deep inguinal nodes with the fat and 
fascia in immediate relation to them are excised en masse. The salient fea- 
tures are an oblique incision placed in the line of the blood supply to the skin, 
careful ligation of the lymphatics coursing up the thigh, and emphasis on 
elimination of dead space. The major defect of this and of any other super- 
ficial groin dissection is that the common iliac, external iliac, hypogastric and 
obturator nodes are not removed. Since mid-1950 we have modified this type 
of groin dissection so that the high nodal chains could be removed as well. 
We have had the opportunity of performing seven radical groin dissections 
with this technique, six of which healed per primam. In one ease bunching 
of the sponges occurred in the postoperative dressing and necrosis occurred 
at this pressure point. It seemed noteworthy to us that these instances of 
failure of healing were entirely preventable. Our experiences in dealing with 
the factors governing the healing of these groin wounds form the basis of 
this report. 

The literature is replete with descriptions of operative procedures de- 
signed to remove the inguinofemoral and iliae nodes; however little considera- 
tion has been given to the prerequisites necessary for per primam healing. 
The factors which control the healing of groin dissection wounds are the di- 
rection of the skin incision in respect to its blood supply, the protection from 
trauma of the skin edges, the thickness of the skin flaps, the amount of dead 
space left postoperatively, the control of the lymphatics by ligation, the pre- 
vention of infection, the closure of the wound without tension, the extent of 
skin and lymphatie involvement by tumor, and the general condition of the 
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patient in respect to anemia, hypoproteinemia, and vitamin deficiency. It is 
apparent that this operation is an exacting one and that only by careful, me- 
ticulous, thoughtful surgery will per primam healing be obtained. 

The basic anatomy of the lymphaties of this area has been described by 
Rouviére™* and Daseler and associates. The superficial inguinal nodes lie in 
four groups—superolateral, superomedial, infralateral, and inframedial—in 
respect to the saphenofemoral junction. The deep inguinal nodes lie beneath 
the fascia laterally and medially to the femoral vein. The uppermost node of 
this chain, called Cloquet’s or Rosenmiiller’s node, is the most constant and 
lies at or within the femoral ring, medial to or on the femoral vein, The 
superficial inguinal nodes drain either directly into the externa] iliae chain 
above the inguinal ligament or into the deeper-lying inguinal nodes. These 
latter drain into the external iliac nodes. The superficial and deep inguinal 
nodes drain the skin of the lower extremities, the perianal and perineal skin, 
the umbilicus and infraumbilical skin, the buttocks, and external genitals 
(penis, scrotum, labia majora, labia minora, glans clitoridis). The glans penis 
and elitoridis may drain to the external iliae nodes or to the deep inguinal 
group directly. Occasionally, lymphaties draining the buttocks may accom- 
pany the sciatic nerve and permit direct metastasis to the common iliac nodes. 
Lymphatie intercommunications across the midline in perianal, scrotal, vulvar, 
buttoek, penile, and infraumbilical lesions should be considered constantly 
present. These crossing lymphatics necessitate bilateral groin dissections for 
lesions of the areas listed. Lesions of the heel, lateral aspect of the foot, and 
posterior surface of the leg may first drain into the popliteal nodes, in which 
instance these nodes must be removed as well. 

Excellent anatomic and operative deseriptions of the excision of these 
lymphatie systems have been described by Pack and Rekers,’* by Daseler, 
Anson, and Reimann,t and by Mendelsohn and Mansfield.11. The procedure 
as performed by us is an eclectic one; however, we describe it to emphasize 
not only the features which provide for the removal of the nodes, but also 
the important points essential to the healing of the postoperative wound. 

At the present time we employ the following technique: General anes- 
thesia is used. The patient is placed with the knees separated, the thighs in 
external rotation. As strongly emphasized by Baronofsky,' the skin incision 
is made parallel to the blood supply of the skin of the groin. It is begun just 
within the anterior superior iliac spine and carried downward, crossing the 
inguinal ligament in oblique fashion to end medially several centimeters be- 
low the pubie tubercle. Fig. 1 demonstrates the Baronofsky incision used 
in Cases 1 to 5. Fig. 2 demonstrates our present incision. The incision is 
earried through Camper’s fascia, above which the blood vessels can be seen 
to course. Moistened laparotomy pads are placed on the skin edges and 
curled under the flaps as the dissection progresses. No ¢lips are used. Any 
trauma to the skin edges will inevitably be followed by skin necrosis. No 
skin is sacrificed unless involved. 

sy sharp dissection along the under surface of Camper’s fascia the upper 
flap is developed to approximately two to three inches above the inguinal 
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ligament, which exposes the external ring and allows later exposure of the 
retroperitoneal space. Dissection is then turned downward, stripping the 
external oblique aponeurosis to the inguinal ligament. The spermatic cord or 
round ligament is stripped of its fascia during this phase. The lower flap is 
then dissected to the apex of the femoral triangle. Next, laterally, the fascia 
lata is incised at the outer edge of the sartorius and, medially, at the medial 
border of the adductor longus. The dissection is then turned toward the 
femoral vessels until the sheath is encountered. At this point the saphenous 
vein is identified and divided at the apex of the femoral triangle, and the fascia 
over the muscles is here incised. Great care must be taken to identify and 
ligate any lymphatics encountered in order to avoid persistent postoperative 
collections of lymph. Usually several can be seen coursing above the femoral 
sheath. If the lymphatics are not positively identified, a series of interlocking 





Fig. 1. 


U sutures are taken across the tissue. The dissection is now progressing un- 
derneath the lower flap and care must be taken to avoid excessive traction on 
the skin edges. Dissection is then carried down to the vessels and the mass is 
stripped upward, cleaning both the femoral artery and vein of their adventitia 
and of the fat and fascia between them. The superficial branches of the 
femoral nerve are preserved when possible. When the saphenofemoral june- 
tion is reached, dissection is then carried downward from the inguinal liga- 
ment, stripping the vessels until the specimen is held only by the saphenous 
vein. This is then transfixed and the mass is removed. Cloquet’s node is 
identified and taken for individual histologic examination. This completes the 
dissection of the superficial glands and it is the technique used in this dissee- 
tion which most influences wound healing. The common iliac, external iliae, 
and hypogastric nodes are exposed with either of two methods for opening 
the retroperitoneal space. The flat muscles of the abdomen may be ineised 
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in the line of the incision and the peritoneum peeled medially and cephalad, 
exposing the vessels as suggested by Mendelsohn and Mansfield,’ or admit- 
tance to this area may be obtained by eutting the external oblique fascia in the 
line of its fibers from the subcutaneous inguinal ring to a point an inch or two 
lateral to the abdominal ring. The transversalis fascia is freed from the in- 
guinal ligament and adjacent fascia and the peritoneum is peeled medially 
from the lateral pelvie wall and upward from the floor. Our usual method 
is to peel the peritoneum upward and then deepen our incision laterally and 
superiorly through the internal oblique and transversus abdominis muscles. 





Fig. 2. 


This permits extensive exposure of the retroperitoneal space. It is usually 
necessary to ligate the inferior epigastric and deep circumflex iliac branches of 
the external iliac artery and the corresponding veins during the exposure. 
Dissection is begun at the bifureation of the aorta and includes stripping the 
common iliae, external iliac, and hypogastric arteries. Stripping the vessels 
automatically removes the gland-bearing tissue since the glands lie in simple 
chains along the vessels. The obturator area should be cleaned as well. 
Proper closure of the wound is of extreme importance to per primam 
wound healing. The cut muscles are sutured and hernia repair is performed 
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by any acceptable method. Below, the femoral canal is closed by suturing the 
inguinal ligament to Cooper’s ligament. The sartorius is then freed from the 
anterior superior iliac spine, drawn medially, and at its upper end sutured to 
the inguinal ligament. Laterally, it is fixed to the iliacus and, medially, to 
the adductor longus by a series of interrupted sutures. This procedure, at- 
tributed to Wangensteen by Baronofsky, covers and protects the femoral 
vessels, serving at the same time to fill dead space resulting from the dissee- 
tion. The skin flaps are then sutured to the underlying muscles in staggered 
fashion, further decreasing dead space and helping to relieve tension on the 
suture line. Camper’s fascia and the skin edges are approximated separately 
with very fine sutures of 0000 cotton. No drains are employed. A bulky 
dressing is then applied with even, light pressure. In the event that the skin 
overlying the superficial nodes has been involved by tumor, necessitating the 
sacrifice of this skin, a split-thickness graft should he employed to close this 
defect. Closing the skin edges under tension routinely results in skin necrosis 
and open wounds. 
INDICATIONS FOR GROIN DISSECTION 

Groin dissection is indicated for malignancy metastatic from the lower 
extremity, the umbilicus and infraumbilical skin, the perineal and perianal 
areas, the buttocks, and the external genitals. Bilateral dissections are in- 
dicated for those areas drained by lymphaties which communicate across the 
midline. That anal carcinoma metasizes to the inguinal nodes and requires 
bilateral dissection is generally recognized, but following the work of Gil- 
christ and David* ** and Coller, Kay, and MacIntyre? on lymphatie spread 
of carcinoma of the rectum, it appeared evident that low-lying rectal ecar- 
cinomas could by retrograde extension involve lymphatics draining to the 
inguinal nodes. We believe that cases of rectal carcinoma should have a com- 
bined abdominoperineal resection and periodically be followed for evidence 
of groin metastases. Case 4 reported here had an adenocarcinoma of the ree- 
tum, which, after combined abdominoperineal resection, grossly and micro- 
scopically showed involvement of the external sphineter. Because of palpably 
enlarged nodes, bilateral groin dissection was performed. 

The common lesions for which groin dissection is performed are epider- 
moid carcinomas of the lower extremities, umbilicus, infraumbilieal skin, 
external genitals, buttocks, perineal and perianal] skin, and malignant 
melanomas of the same areas when the primary lesion has been controlled, 
when distant metastases are absent, and when, as far as is known, the possible 
metastases are limited to the nodes to be excised. If the femoral vessels are 
involved by the extension of the metastasis, continuation of the operation is 
worthless since blood-stream metastases will have occurred. 





TIME OF OPERATION 


The time for groin dissection is governed by the belief that extension of 
the malignaney to the inguinal nodes is an embolic phenomenon via the 
lymphaties. Thus two to three weeks should elapse after removal of the 




















neg RADICAL GROIN SURGERY AND POSTOPERATIVE HEALING 891 
primary tumor before groin dissection is performed. Within this period the 
nodes remain to ‘‘pick up’’ emboli en route from the excised primary tumor. 
Needless delay should not be permitted, particularly if evidence of nodal in- 
volvement is already present. In lesions close to the inguinal nodes an en 
bloe dissection of the primary lesion, intervening lymphatics, and inguinal 
nodes ean be performed as in Case 2.!” 

The problem often arises in the absence of enlarged nodes in the groin 
as to whether a radical groin dissection should be performed or not. In the 
case of a melanoma draining to this area or of an epidermoid carcinoma of the 
venitals there should be no hesitation; the dissection or dissections, as the case 
may be, should be performed after the proper period of delay following the 
control of the primary tumor. If a dissection in continuity can be performed 
for melanoma, it should be done. Careinoma of the extremity presents a 
less urgent problem. We ordinarily observe these patients for evidence of 
nodal enlargement. If such occurs, the radical groin dissection is performed 
without further delay. «In our experience with such observed eases, if any 
glands become involved they will be in the superficial group. The removal 
of the higher-lying chains is but a factor added for the patient’s safety. 

A good eancer operation requires fundamentally that the primary site 
of the growth and lymphatie draining zone of the growth be removed. It is 
obvious that many negative node dissections will be performed. We prefer 
to be aggressive and do not consider a histologically negative groin dissec- 


tion an unnecessary operation. 
FACTORS GOVERNING WOUND HEALING 


General Considerations—These patients are prepared for groin dissee- 
tion as for any other major surgical procedure. A complete work-up is per- 
formed with particular reference to possible distant metastases. Anemia and 
hypoproteinemia are corrected preoperatively. Blood transfusion therapy 
is emphasized. High protein-carbohydrate intake is given with supplementary 
vitamins. Specific postoperative therapy consists of maintenance of the blood 
volume by transfusions of whole blood and the production of high levels of 
vitamin C. 

Skin Necrosis—We have gained the impression from our own patients, 
and from watching and talking with other surgeons, that the fundamental 
rules of good surgery apply here most firmly. The incision must be carefully 
made at right angles to the skin surface. The edges of the skin must be pro- 
tected by laparotomy pads. Retraction must be gentle. Suture material must 
be of the finest, compatible with the need. Strangulation of tissue by sutures 
or its erushing by clamps must not oecur. No ties should be placed by the 
line of incision and no tension sutures should be used in the closure. If meticu- 
lous care is given to the skin edges, points and areas of gangrene will be 


avoided. 

Fig. 3 demonstrates trauma to the skin edge produced by a rake retractor. 
This did not delay primary healing since the trauma was superficial, but we 
have seen groin wounds closed with big sutures of heavy material and tied 
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tightly to produce at each suture a large area of gangrene. Tension is avoided 
in these wounds by suturing the skin flaps in staggered fashion to the under- 
lying muscle and by closing Camper’s fascia with fine interrupted cotton 
sutures. The skin is then closed with many fine sutures of 0000 cotton. If 
these sutures are properly placed, on the ninth or tenth postoperative day, 
most of them ean be brushed from the surface of the healed wound. If one is 
interested in producing primary healing following radical groin surgery, it 
must be remembered throughout the operation that large flaps of skin have 
been partly separated from their normal blood supply and that these flaps 
will react to trauma by becoming gangrenous. 





Fig. 3. 


The problem of a large skin area becoming gangrenous is not due to local 
trauma alone. Our skin flaps are thick or thin depending on the body build 
of the patient and the depth of Camper’s fascia. The thickness thus varies 
from patient to patient. We do not develop skin-thickness flaps routinely 
nor do we try to shave the skin over obviously diseased nodes. In the lat- 
ter instance we sacrifice the skin widely and replace it with split-thickness 
grafts for closure. If undercutting is done in such a fashion that only the 
skin remains, its blood supply is largely destroyed and it must function post- 
operatively as a full-thickness graft. Such do not heal well in this area. 

The skin of the groin is supplied by the superficial external pudendal 
artery, the superficial circumflex iliac artery, and the superficial epigastric 
artery communicating with the skin branches of the inferior epigastric artery. 
It was Baronofsky’s contention that the oblique incision paralleling the diree- 
tion of the vessels supplying the skin of the groin is a major factor in pre- 
venting skin necrosis. Our experience confirms this. In an unpublished 
study, done as this work was begun on the Tulane Surgical Service at Charity 
Hospital in New Orleans, in the eight dissections performed between 1945 
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and 1949, without exception, a straight incision along the course of the femoral 
vessels started above the inguinal ligament or an incision begun above the liga- 
ment laterally to curve across it in the direction of the vessels was used, and 
necrosis occurred in seven of the eight wounds. This type of incision cuts 
across the blood supply of the medial flap. The oblique incision as demon- 
strated in Figs. 1 and 2 will increase the incidence of primary healing. In 
an extremity lesion with involvement of the superficial inguinal nodes, particu- 
larly those at the apex of the femoral triangle, an incision placed along the 
course of the vessels wil] facilitate the dissection. We do not feel committed 
to the oblique incision; it is merely the better incision for the production of 
primary wound healing. It is apparent as well that the oblique incision is 
under less stress arising from the normal] skin tension. 

Ambulation.—Ambulation is contraindicated. Exercise increases the 
lymphatie flow from the extremity. The patient in Case 4 had no evidence of 
fluid collection by the fourth postoperative day. Light dressings were ap- 
plied and ambulation was permitted. On the next day 30 ¢.c. was aspirated 
from the right groin, none from the left. On the following day, 50 ¢.e. and 80 
¢c.c. were aspirated from the right and left sides, respectively. Thereafter a 
total of 641 ¢.c. was removed from the right groin and 907 e.c. from the left as 
the fistulas gradually ceased by the twenty-eighth postoperative day. The 
patient in Case 6 was not ambulated and did not collect fluid. Those in Cases 
5 and 7 each had thigh amputations in addition to the groin dissection. 
Neither collected fluid. The patient in Case 9 was ambulated the first post- 
operative day after a left radical groin dissection; a total of 800 ¢.c. was 
aspirated during the following week. After the right radical groin dissection, 
ambulation was not permitted until the eighth postoperative day and no 
lymph was collected. The next patient, that in Case 10, was treated in an 
identical fashion. Again, with ambulation after a left radical groin dissection, 
lymph fluid collected and required aspiration; without early ambulation after 
the right radical groin dissection, no fluid collected. It is our impression 
that the stimulation to lymph flow by walking should not be permitted, at 
least during the first postoperative week. 

Lymphatic Fistula—Lymph drainage from groin wounds is a common 
experience. Groin dissection cuts across the lymphatics from the leg, and 
lymph flows into the wound. In the presence of skin necrosis, or when drains 
are employed, the lymph drains externally and the fistula persists for varying 
periods of time. A traumatic lymph fistula from saphenous vein ligation of 
fourteen months’ duration has been reported.® Baronofsky advised identifi- 
eation and ligation of the major lymphatics which enter the zone of dissec- 
tion at the apex of the femoral triangle. We have been very particular on this 
point but have found that our patients will collect lymph despite careful identi- 
fication and ligation of the lymphatics if we permit early ambulation. It is 
difficult at times to recognize all the lymphatics, and we frequently cross the 
entire lower end of the dissection with a series of interlocking U sutures. 
This has been a helpful procedure. 
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If a lymph collection occurs, the treatment consists of daily aspiration, 
a light, even pressure dressing, Ace bandages to the entire leg, elevation of the 
extremity, and bed rest. If the lymph is not aspirated, drainage will occur 
through the suture line, effectively delaying healing. Drains have not been 
employed in this series, since we believe that they delay healing, that they 
permit the possible formation of an external lymphatie fistula, and that they 
make an open wound with the possibility of wound infection during dressing 
changes. 

In the presence of wound necrosis and external drainage of the lymph, 
the leg should be elevated and wrapped with Ace bandages, and judicious 
waiting should ke employed. Drainage is profuse for from one to two weeks, 
and normally decreases thereafter to cease in from four to six weeks. A\l- 
though persistent groin lymph fistulas have been reported, they represent the 
uncommon result. 

Infection —With present-day concepts of wound management, infection 
should be a negligible factor. It was not a problem in this series. Surface 
infection oceurred in three wounds complicated by necrosis. No infection 
occurred in the closed wounds, Penicillin, 500,000 units intramuseularly every 
twelve hours, was given postoperatively for three days and continued in 
those cases requiring aspiration. 


TABLE I. RAbDICAL GROIN SURGERY 
| AGE | | PRIMARY INVOLVE- | SKIN 
PATIENT |(YEARS)| SEX DISEASE MENT NECROSIS REMARKS 
: l 38 KF Carcinoma of Bilateral Moderate Positive nodes bi- 
anus laterally. 
2 32 F Melanoma of Unilateral None Positive nodes. En 
thigh bloe dissection. 
3 68 M Carcinoma of Bilateral None Fluid bilaterally. 
anus Negative nodes. 
4 74 M Carcinoma of Bilateral None Fluid bilaterally. 
rectum Negative nodes. 
5 46 F Myosarcoma Unilateral None No fluid. Negative 
of leg nodes. Leg ampu- 
tated. 
6 59 F Carcinoma of Unilateral None No fluid. Positive super- 
leg ficial nodes. 
7 17 M Carcinoma of Unilateral None No fluid. Leg ampu- 
leg tated. Positive 
superficial nodes, 
8 78 F Careinoma of Unilateral Moderate No fluid. Case incom- 
anus plete. Negative 
nodes. Secondary 
graft. 
9 38 F Carcinoma of Bilateral None Fluid at left. Nega- 
vulva tive nodes. Exten- 
sive previous surgery. 
10 60 M Careinoma of Bilateral None Fluid at left. Nega- 
penis tive nodes. Penis 
amputated. 


RESULTS AND SUMMARY 


The results are given in Table I. Fifteen dissections were performed and 
twelve healed per primam. In Case 1 primary closure under tension was per- 
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formed, with necrosis in each groin wound measuring approximately 5 em. in 
length and 2 em. in width. This could have been avoided by using small split- 
thickness grafts to close the defects produced when skin was sacrificed over 
the carcinomatous nodes. This case initiated our interest in producing heal- 
ing in these wounds, and of the next thirteen dissections, twelve healed per 
primam. In Case 8 necrosis of a portion of the lower flap oceurred at a pres- 
sure point produced by the bunching of small, saline-moistened sponges used 
in the dressing. The use of this type of dressing was a departure from our 
usual flat, bulky, dry dressing and it is no longer used. The necrosis in each of 
these wounds was preventable and should not have occurred. In elective 
surgery of the groin thoughtful, meticulous work gives the surgeon the pleas- 
ant dividend of an easy convalescence for his patient. 
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PREVENTION OF PANCREATIC FAT NECROSIS BY 
ENZYME INHIBITORS 


IIT. QUININE 
H. L. Popper, M.D., anp H. NeEcHExEs, M.D., Pu.D., Curcaao, IL. 


(From the Department of Gastro-Intestinal Research, Medical Research Institute of 
Michael Reese Hospital, Chicago, Jil.) 
REVIOUS papers’ have dealt with a simple experimental procedure which, 
by causing pancreatic fat necrosis in the majority of dogs, is particularly 
suited to the study of the prevention of this condition. 

In our previous attempts to prevent the development of fat necrosis, various 
substances were administered intraperitoneally. Combined application of strep- 
tokinase and streptodornase was without value and so was Protamine Sulfate.‘ 
Soy bean antitrypsin showed a slightly beneficial effect. Experiments with 
other trypsin inhibitors demonstrated cysteine hydrochloride and acridine 36 
to be of no value, but sodium formaldehyde sulfoxylate (S.F.S.) yielded en- 
couraging results.* S.F.S. was tried, because Calandra, Hardt, and Stanish® 
have described it to be a strong trypsin inhibitor. However, we have been in- 
formed by the Abbott Laboratories* that tests on the lot of S.F.S. supplied to 
us had shown marked inhibition of lipase, but no inhibition of trypsin. 

The fact that the previously tested trypsin inhibitors had little or no effect, 
while S.F.S., a strong lipase inhibitor, had a pronounced effect in preventing 
pancreatic necrosis, suggested that inhibition of lipase might be the responsible 
factor. 

It, therefore, seemed advisable to try another lipase-inhibiting substance. 
We chose quinine, which Rona and co-workers’ have shown to be a powerful 
inhibitor of pancreatic lipase. The sulfate was used, because it is less soluble 
than other quinine salts and might, therefore, exert a prolonged effect in the 
peritoneal cavity. 

In 13 male and female mongrel dogs, weighing between 7 and 11 kilograms, 
the pancreatic duet together with a collar of surrounding duodenal mucosa was 
excised from the duodenum, the duodenum closed, and the pancreatic duct left 
open in the peritoneal cavity, as described in previous papers.** Before closure 
of the abdomen, 1 Gm. of quinine sulfate was deposited in the abdominal cavity. 
In the immediate postoperative period, the dogs were given drinking water but 
no food, and they received penicillin and streptomycin for the first three post- 
operative days. Surviving animals were sacrificed not later than fourteen days 
after the operation. Post-mortem examinations were performed on all animals. 


Supported by a grant from Dr. and Mrs. D. Monash. The Department is in part sup- 
ported by the Michael Reese Research Foundation. 

Received for publication, Jan. 28, 1953. 

*We are obliged to Dr. R. K. Richards, of the Abbott Laboratories, North Chicago, IIl., 
for a supply of S.F.S., and to Dr. F. Minard for enzyme assays. 
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Of the 13 dogs, only 4 showed extensive fat necrosis. One of them died two 
days, and 2 died five days after the operation; the fourth appeared to be sick 
and was sacrificed on the fifth day after operation. Another dog, who died of 
bilateral pneumonia two days after operation, showed moderate intraperitoneal 
fat necrosis. The remaining 8 dogs showed no fat necrosis whatsoever. 
Omentum had covered the open pancreatic duct and was attached loosely to it. 

Thus, of 13 dogs that had received quinine intraperitoneally, only 5 (38.5 
per cent) showed fat necrosis, which was extensive and fatal in 4 (31 per cent) 
animals only. The corresponding figures in control dogs were 85 per cent and 
80 per cent, respectively. Moreover, quinine seemed to have a delaying action 
as far as mortality was concerned. While the majority of the control dogs died 
vith fat necrosis on the second and third postoperative days, in the quinine 
series only 1 dog died two days after operation and the other 3 (including one 
dog that was sacrificed) died five days after operation. 

Similar results in the prevention of fat necrosis were obtained in previous 
experiments with S.F.S.° Quinine inhibits lipase markedly, but does not seem 
to affect trypsin, and the lot of S.F.S. used in our experiments inhibited lipase 
but not trypsin. The fact that, in the development of pancreatic fat necrosis, 
trypsin inhibitors were without much value,!~* while lipase inhibitors had marked 
preventive effects, seems to indicate that pancreatic lipase plays a greater role 
in the development of this condition than is generally assumed. This suggests 
a therapeutic trial of quinine and other lipase inhibitors in acute pancreatitis, 
in pancreatic injuries, or whenever spilling of pancreatic juice into the peritoneal 
cavity may occur. 

CONCLUSIONS 


Intraperitoneal administration of quinine had a marked effect in prevent- 
ing pancreatic fat necrosis. This is apparently due to inhibition of pancreatic 
lipase. 

Similar results obtained with sodium formaldehyde sulfoxylate are probably 
likewise due to inhibition of lipase. 

The fact that trypsin inhibitors had practically no effect, while lipase in- 
hibitors showed marked effects in preventing fatal pancreatic fat necrosis, seems 
to indicate that pancreatic lipase is of more importance in the development of 
acute pancreatitis than is generally assumed. 

Substances which inhibit pancreatic lipase may be tried clinically in cases of 
acute pancreatitis, in pancreatic injuries, and for the prevention of postoperative 
pancreatitis. 
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THE “RECTUS-WICK” OPERATION IN ASCITES 
G. GORDON CroweE, M.B.,* NEWCASTLE-UNDER-LYME, ENGLAND 


HE question of operative relief of ascites has exercised the minds of physi- 

cians and surgeons for many vears. Drummond and Morison in 1895 
devised a method of omentopexy with the object of short-cireuiting the portal 
circulation by the development of collateral channels between the portal and 
systemic venous systems. They stressed, however, that the operation should be 
reserved for ascites resulting from alcoholic cirrhosis, and they stipulated that 
the patients selected should be free from jaundice and eardiae or renal disease 
and should have withstood several tappings. When these indications have been 
observed, the results have been very satisfactory. In other types of ascites, 
however, the results have been unfavorable. 

Schiassi modified this operation by raising a flap in the abdominal wall! and 
fixing the omentum and spleen into a space made between the posterior sur- 
face of the muscles and the peritoneum. 

Mayo also modified the operation by introducing a portion of the omentum 
into a pocket made by separating the posterior sheath of the rectus from its 
muscles. 

Marath’s method aimed at combining subcutaneous drainage with the forma- 
tion of new vascular channels, and for this purpose he introduced the omentum 
into the subcutaneous tissue of the abdominal wall. 

Attempts have also been made to treat ascites by bilateral drainage into 
the cellular tissue of the thigh through a femoral opening, or into the sub- 
cutaneous tissues of the abdominal wall, and recently, of course, the operation 
of portacaval anastomosis after the method of Blakemore has been performed 
for ascites. 

In 1926, Dr. A. T. Todd and Prof. R. Statham of Bristol carried out the 
first “reetus-wick” operation. This was on a woman who had a malignant 
ovarian cyst and who subsequently developed ascites. Dr. Todd asked Pro- 
fessor Statham to carry out a Talma-Morison operation. 

On opening the patient’s abdomen, however, an extraordinary condition 
was found. The intestine was about three yards long and like a hose pipe, 
about 2 inches thick and of a gristly texture. There was no visible omentum 
and the peritoneum was shiny and fibrous. The Talma-Morison operation was 
impossible and Professor Statham was preparing to close the abdomen, when 
Dr. Todd asked whether some fresh tissue could not be obtained to place in 
contact with the peritoneal cavity. Mr. Statham proposed cutting out one of 
the recti, leaving it detached at one end, and stitching the free end to the 


Received for publication, March 23, 1953. 
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posterior peritoneal wall. This was done and the result was excellent. No 
more ascites appeared in this patient, and in the end she died of inanition. 

Since then Dr. Todd has had this operation performed in about twenty 
cases, mostly with good effects. 

Recently I have carried out this operation in two patients with good results. 
The method which I have employed is to detach one of the rectus muscles at 
its upper end, preserving its nerve supply and the inferior epigastric vessels, 
and suturing the upper free end to the peritoneum covering the anterior aspect 
of the sacrum. 


F.) was a 20-year-old boy who had an attack of 


CaSE 1.—The first patient (HL. 
When he was 15 years old he was admitted to the 


rheumatic fever at the age of 7 years. 
City General Hospital with a recurrence of rheumatic fever, was treated with salicylates, and 
his case was diagnosed as mitral stenosis. On May 7, 1948, he was admitted with congestive 
‘ardiac failure and his first paracentesis abdominus was performed, fourteen pints of fluid 
being removed. Further paracenteses were performed at weekly intervals for over a year 
with amounts varying from eight to sixteen pints, until October, 1949, when it was decided 
to attempt a reetus-wick operation, the operation having been brought to my notice by Dr. 
Peter Stock, under whose care he was at this time. On Oct. 4, 1949, under general anesthesia 
(Dr. Clifford Hayes), a right paramedian incision was made, the anterior rectus sheath was 
The 
inferior epigastric artery and the nerve supply to the lower half of the muscle were preserved 
and, after placing the patient in a slightly Trendelenburg position, a small suprapubic incision 
in the peritoneum was made and the free upper end of the rectus muscle was attached to the 
The peritoneum was 


opened, and the right rectus muscle was mobilized and detached at the costal margin. 


peritoneum over the anterior aspect of the sacrum with catgut sutures. 
then made to fit snugly round the rectus muscle and the anterior rectus sheath was closed 
with a continuous nylon suture reinforced with interrupted sutures. A paracentesis was 
performed a week after the operation, and again after two weeks, then the intervals gradually 
lengthened until it is now four months since he was last tapped, and on that occasion only 
four pints, ten ounces, were obtained. 


Case 2.—The second patient (F. J.), aged 33 years, was admitted to the City General 
Hospital, Stoke-on-Trent, under the care of Dr. P. B. Ll. Muldoon, on Feb. 28, 1949, suffering 
from acute nephritis, which was preceded by a sore throat and associated with albuminuria, 


hypertension, and a blood urea of 50 mg. Subsequently he became edematous and entered 


the chronic stage with anemia, ascites, recurrent nitrogen retention, and marked albuminuria. 
He was in the hospital for the next two years; during this time he was being given iron 
and was kept on a low salt, high protein diet, as the plasma proteins were low. During the 
two years, he was having a paracentesis carried out at intervals which were never more than 
two weeks apart, and on an average twelve to fourteen pints were being removed in this way. 

[ was asked to see him in January, 1951, and on Feb. 1, 1951, I carried out a left rectus- 
Murphy), from which he made a good recovery. 


wick operation (general anesthetic, Dr. J. P. 
After the operation the hemoglobin, 


The operation did not seem to upset him in any way. 
which was 54 per cent before operation, rose to 70 per cent and the plasma proteins returned 
to normal. He never showed any sign of ascites after the operation and was discharged home 
on March 17, 1951. 

Seen on June 1, 1951, four months after operation, he was up and about, felt fit, and 
showed no sign of ascites. He still had marked albuminuria. When seen on Feb. 20, 1953, 


he was in full employment as a teacher and had no sign of ascites. 
These two case reports show that some relief may be afforded to sufferers 


from ascites to minimize somewhat the distress which may be caused by 
In the first case, that of a 20-year-old boy 


repeated abdominal paracentesis. 
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with ascites due to cardiac disease who was being tapped at weekly intervals, 
the interval was lengthened to four months. In the second ease, that of a 
33-year-old man who was being tapped at fortnightly intervals for ascites 
due to nephritis, paracentesis has not had to be performed at all after the 
wick operation. 





CONCLUSIONS 
The rectus-wick operation is an extremely simple one to perform and is 
a much quicker operation than the other procedures which have so far been 
devised to deal with the problem of ascites. The peritoneal cavity is only opened 
to a slight extent and for a very short space of time indeed, and the patients ap- 
pear to stand the operation well. 
My thanks are due to Dr. Peter Stock for bringing this operation to my notice and for 


referring the first patient to me, and to Dr. P. B. Ll. Muldoon for referring the second patient 
to me. 
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REPORT OF A CASE OF AGENESIA OF THE ANTERIOR ABDOMINAL 
WALL WITH REPAIR 


Davin Brezin, M.D., AND Ropert A. Mayer, M.D., Miami, FA. 


WHITE male, premature infant, weighing approximately four pounds, was 
born on Oct. 12, 1951, at the Jackson Memorial Hospital, Miami, Fla. 
Delivery was right occiput anterior and mid-foreceps were used. The 22-year- 
old mother was Rh negative, and the father, Rh positive. Two siblings are 
normal and well. The obstetrician recorded that at birth there was a marked 
defect of the anterior abdominal wall, and during delivery he found no evidence 
of remnants of an omphalomesenteric sac. The greater portion of the abdominal 
contents were protruding from the abdominal cavity at birth. The infant’s 
color was cyanotic, and respirations produced a sound like grunting. The 
infant was immediately placed in an ineubator with continuous oxygen, and 
warm saline compresses were applied over the exposed organs. 
When the infant was seen by the surgeon (D. B.) approximately one and 
one-half hours later, he was still cyanotic, the respirations were labored, and the 
entire abdominal contents which were protruding out of the defect of the 


abdomen were covered with meconium. 
Since immediate surgical repair was indicated, the infant was given Yeo 


gr. of atropine preoperatively, and then taken to the operating room where 
open-drop ether was used for anesthesia. 


CASE REPORT 


Description of Defect and Procedure.—The patient was a four pound infant who pre- 
sented a defect in the abdominal wall which was approximately six inches in diameter and 
extended from the xyphoid to the pubis and laterally the entire width of the anterior abdomen. 
The anterolateral parietal peritoneal layer was fused at the margin to the skin edges. There 
were no evidences of remnants of a ruptured omphalomesenteric sac. There was eventration 
of the stomach and all of the small intestines from the abdominal cavity. The wall of the 
small intestines was markedly thickened and its surface appeared finely granular. From these 
findings it was presumed the small intestine had been exposed to amniotic fluid prior to 
birth. There was no evidence of the presence of an omentum and the only portion of the 
large intestine which was visible was the cecum and appendix. Apparently the remainder of 
the large intestine was retroperitoneal. The gall bladder was visualized as being a globoid 
mass about three-fourths inch in diameter, adherent to the stomach, and buried in the liver 
bed. The urinary bladder was full and visibly attached at the anterior fundus to the umbilical 
cord, which itself was adherent to the left lateral edge of the defect. 

The stomach was intubated by the anesthetist with a small catheter and the fluid and gas 
present in the stomach were evacuated. The skin was cleaned off and gently scrubbed with 
aqueous solution of Zephiran Chloride and the stomach and intestines were irrigated with warm 
saline. This consumed considerable time as meconium had contaminated most of the surface 
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The umbilical vein and arteries were ligated with catgut. 
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of the small bowel that had been exposed. 
attached at the left side of the defect were dissected free and removed at the skin edge. 
The skin edges were then dissected 
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The remains of the umbilical cord which were 


free about the entire circumference of the opening, from the underlying fascia, muscle, and 


peritoneum. 


It became apparent after a short time that the musculature of the anterior 


abdominal wall was absent and approximately one and one-half inches of rectus muscle 


remnants were attached bilaterally 
lower ribs. 


be cut and ligated. 
formed the lateral boundaries of the defect. 


In order to mobilize 
undercut bilaterally extending over 
to the symphysis pubis and up onto the chest. 
Remnants of the oblique and transverse muscles of the abdominal wall 
The abdominal cavity was much too small to 


to the symphysis pubis and superiorly at the xyphoid and 
the skin sufficiently for eventual closure it was further 
both flanks toward the posterior and lumbar regions, down 
Those vessels which were encountered had to 


accommodate the eventrated organs, and at this point in the procedure it was still impossible 


to close the skin flaps which had been mobilized anterior to the organs described. 


Aeccord- 


ingly, the intestinal tract was further deflated by placing a silk purse-string suture in the 
small bowel wall and thrusting a No. 15 needle into the bowel lumen through which feces 


and gas were aspirated. 
there was further deflation; thereafter skin closure was effected with interrupted far 
The patient withstood the procedure without respiratory or cardiac embar- 
Dressings were applied, and the patient was returned to the premature nursery. 
The operative procedure began at 8:55 p.m. and ended at 10:30 P.M. 


near silk sutures. 


rassment. 


Postoperative Course.—Following surgery 
the nose into the stomach and aspirations were repeated hourly. 


During this procedure the infant conveniently moved its bowels and 


and 


1 small plastic tube was inserted through 
amount of bile- 


colored fluid was obtained and after eighteen hours the stomach was lavaged every two hours 


with 5 e.c. of Ringer’s molar lactate solution. 


Twelve hours after lavaging was instituted 


the infant was given 5 c.c. of Ringer’s solution through the tube every two hours as feedings. 


By this time the infant’s color and general condition had improved greatly. 
fluids and plasma were also given to maintain the infant’s fluid balance, 


Penicillin 


Additional 
G, 


25,000 units every three hours, and 50 mg. of dihydrostreptomycin every twelve hours were 


administered intramuscularly for two weeks. 
dilution was started by bottle feeding in gradually increasing quantities. 
taken so well that the gastric tube was removed on the fourth postoperative d 


The third postoperative day Similac 1 to 
formula was 


9 


The feed- 


ings were increased to two and one-half ounces every three hours, and there was no vomiting 


or apparent abdominal discomfort. 
ously at one week of age and at two weeks Oleum Percomorphum and 
The infant weighed four pounds six ounces on Oct. 15, 1951, when 
when he was discharged 


acid were given orally. 
three days old, and five pounds nine ounces at seventeen days of a 
from the hospital. 


Ten milligrams of ascorbic acid was started subcutane- 
of ascorbic 


The only surgical notation of consequence was the fact that on being redressed on 
Oct. 18 the skin on the left lateral side of the closure was found to be breaking down super- 


ficially in two places, and these were each approximately 


em. in diameter. 


These two places 


were cleaned with aqueous Zephiran Chloride and Vaseline Gauze with slight pressure applied 


over what proved to be superficial ulceration. 
from the hospital, these areas were completely re-epithelialized and healed. 


By Oct. 28, 1951, at the time of discharge 
At discharge it 


was noted that the infant had had a remarkable course in the hospital with no elevation in 


temperature. 
color remained good, and wound healing went on without incident. 
in the office thereafter, with dressings and observation continued. 


He had eaten fairly well after several days and had continued to do so. The 
The patient was followed 
Sutures were removed 


on the twenty-second postoperative day and it was noted that the healing of the skin was 


complete. 


represented the anterior abdominal wall. 
Physical development has continued normally. 


The intestines and peristalsis could be visualized easily through the skin which 


The baby has continued to gain in weight 


and at no time has there been any functional difficulty with bowel movements or feeding. 


Seven months after surgery the baby is sitting spontaneously and creeping as any normal 
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infant. Fig. 1 indicates the present state of nutrition and the contour of the abdomen. 
However, it cannot indicate the marked protective thickening which has occurred in the skin 
flaps used for closure. 





rig. 4. 


COMMENT 


The following is an excerpt from Pathology of the Fetus and the Newborn 
by E. L. Potter*: 


The condition in which a defect of the anterior abdominal wall permits the 
intestines and other viscera to lie outside the abdominal cavity, is called an 
omphalocele, eventration of the abdominal viscera, or abdominal hernia. Most 
of these herniae are small defects no more than 1 or 2 cm. in diameter and are due 
to failure of normal closure of the abdominal ring. Usually there is no protrusion 
of the intestines except with excessive straining. The ring may close by itself as 
the child grows older, or it is easily closed surgically. 

Two varieties of severe defects may be present at birth. One of which at 
times is amenable to surgical treatment whereas the other is always fatal. 

The first is caused by failure of the intestines to return to the abdomen at 
the end of the period during which it is normally present in the umbilical cord. 
Such malformations are generally single and the child is otherwise normal. The 
defect is in the midline and is usually immediately below the umbilicus. The 

opening is generally several centimeters in circumference. A sac attached to the 
skin margin contains all or part of the small intestine, and the proximal portions of 
the large intestine. The sac is composed only of amnion and is so fragile that it 
often ruptures during delivery. Peritonitis frequently follows and attempted 
operative closure may be in vain. If the sac remains intact, the intestine sometimes 
can be returned to the abdomen and the opening closed. The muscles of the 
abdominal wall are usually present, but are often so hypoplastic that they cannot 
be stretched sufficiently to enclose the intestine. Further difficulty is encountered 
if operation is delayed until the intestine is distended by swallowed air. Ordinarily 
the longer the time that elapses between birth and operation the more unfavorable 
the outcome. 

The second type of abdominal hernia is due to a more profound alteration 
in development and dates from an earlier period of embryonic life. It is related 





*Potter, E. L.: Pathology of the Fetus and the Newborn, Chicago, 1952, The Yearbook 
Publishers, Inc. 
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to the formation of the body stalk by separation of the embryo from the wall of 
the blasto cyst which normally takes place during the third week. 

In this variety of eventration the area of cleavage is incomplete, the 
umbilical cord is rudimentary or absent, and a portion of the embryo remains in 
contact with the wall of the blasto cyst. This is the area of the yolk sac and as a 
result the region of the anterior abdominal wall is not covered by skin but remains 
open and adjacent to the placenta. 


This type of abdominal hernia (usually associated with a multiplicity of other 
defects) is always fatal. 

Since the fetus cannot be delivered until the placenta is detached, symptoms 
suggesting abruptio placenta may occur and the fetus may die of anoxia before 
birth. The malformation is so great that even if the fetus is born alive, it dies in 
a few hours. 


SUMMARY 


It is apparent that the case presented, with the associated abnormalities 
which have been described, falls at a level somewhere between the two extremes 
of the severe defects of the abdominal wall described by Potter. The ease is 
presented because of its interest and the fact that early surgery has been 
effectual in providing a well child. It is proposed that the child will be allowed 
to continue his normal growth until some time in the future when the abdominal 
cavity has increased sufficiently in size so that definitive plastic surgery may be 
performed to repair the resultant huge abdominal hernia. 











ADENOID CYSTIC CARCINOMA OF THE BREAST 
Report or A Case WitH UNusuaL FEATURES 


PHitiep G. McLEtuan, M.D.,* Ropert TENNANT, M.D.,** ANv 
JOHN SAROKHAN, M.D.,*** Harrrorp, Conn. 


(From the Departments of Surgery and Surgical Pathology, Hartford Hospital) 


DENOID eystie carcinoma of the breast (synonyms: carcinoma adenoides 
cysticum [Lat.]; adenoeystie basal cell cancer [Geschickter] ; eylindrom- 
atous carcinoma) is an exceedingly rare breast carcinoma. Stewart’ has 
stated that the inventory of these tumors is so small that nothing can be said 
about any specific behavior. He has encountered only three examples in his 
material with findings which suggested that adenoid eystie carcinoma is another 
histologic variety of duct cancer. Geschickter? reported only four cases and 
suggests that they are of sweat-gland origin (adenoeystie basal cell cancer). All 
four of his patients were in their middle forties. The tumors were sharply 
cireumseribed, varying from 2.5 to 6 em. in diameter and contained micro- 
or macroscopic cysts. There was no regional lymph node involvement and none 
of the four eases at the time of report had had a fatal termination. Three were 
treated by wide excision and the fourth by radical mastectomy, the latter being 
the preferred method of treatment. 
It seems worth while, therefore, to add to the literature another case, with 
unusual features, treated by modified radical mastectomy with axillary dis- 
section but preservation of the pectoral muscles. 


CASE REPORT 

A 42-year-old white woman (S. B. 728007) was admitted on June 1, 1952, with a mass 
in the right breast which had been discovered five years previously. At that time she was 
advised to do nothing. On re-examination two months prior to admission surgical excision 
was advised. There had been slight increase in the size of the mass during the five-year 
interval but no bleeding or discharge from the nipple. 

The only past history of significance was poliomyelitis at one year of age which had 
left the patient crippled. She was ambulatory only with crutches because of an unstable 
right hip. 

Physical examination showed a moderately obese white woman with atrophy and de- 
formity of the right lower extremity which was one and one-half inches shorter than the left. 
The breasts were pendulous. In the upper outer quadrant of the right breast there was a 
5 em. firm, nontender, fairly well-circumscribed mass without skin retraction. There were 
no palpable axillary nodes, 
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Fig. 1.—Breast tumor showing small cysts and cords of cells resembling adenocystic basal 
cell carcinoma of skin. Hematoxylin and eosin, 120. 
Fig. 2.—Representative high-power field of breast tumor. Hematoxylin and eosin, 400. 
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Fig. 3.—Roentgenogram of chest showing double expansile lesion of right fifth rib. 
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Fig. 4.—Rib lesion showing fibrous dysplasia of bone. Few remnants of bony trabeculae 
present in an adult fibrous stroma. Hematoxylin and eosin, X400. 
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The lesion was thought clinically to be benign. When excised, it was a well-circum- 
scribed firm mass measuring 3 em. in diameter. Frozen section showed a cellular tumor 
which was thought probably to be malignant but it was decided to defer definitive treatment 
until a more accurate histologic evaluation was made. 

Sections of the tumor showed masses of small polyhedral cells arranged in solid 
alveoli with many microcytes scattered throughout the masses. The appearance closely 
resembled adenocystic basal cell carcinoma of the skin (Figs. 1 and 2). There were numerous 
mitoses present in the cells but only moderate anaplasia. Infiltrative growth was con- 
spicuously lacking, and the tumor was strikingly circumscribed, although not encapsulated. 
A diagnosis of adenoid cystic carcinoma of the breast was made. 

A metastatic series showed a double expansile lesion in two areas of the right fifth 
rib (Fig. 3) which was reported as probably metastatic. Fibrous dysplasia could not be 
ruled out. The remaining metastatic survey was negative. Blood and urine studies were 
noncontributory. A local excision of the rib revealed both on frozen and permanent section 
typical fibrous dysplasia of bone (Fig. 4). 

In view of the nature of the lesion and the patient’s reliance on crutches, it was 
decided* to perform a modified radical mastectomy. A classical Halsted incision was made. 
The pectoralis major and minor muscles were divided one inch from their insertion, care 
being taken to preserve their blood and nerve supply. An adequate axillary dissection and 
modified radical mastectomy in continuity was performed with preservation of both pectoral 
muscles and the thoracodorsal and long thoracic nerves. The pectoralis major was re- 
sutured with interrupted steel wire; the pectoralis minor was left detached at its insertion. 

Examination of the amputated breast and axillary tissue failed to reveal any residual 
tumor. This included a study of twelve axillary nodes. 

The patient had an uneventful course and was discharged on the twelfth postoperative 
day with excellent arm function and no edema. 


SUMMARY 


1. Adenoid cystic carcinoma, primary in the breast, is an exceedingly rare 
disease. 

2. A ease is reported which presented some unusual associated features. 
Fibrocystie dysplasia of the right fifth rib, simulating metastatic cancer, was 
an incidental finding. The patient was also a cripple from previous poliomyelitis. 

3. The value of histologic proof of metastasis is reaffirmed. 

4. It is felt that the management of this case was adequate for the treat- 
ment of the primary condition while rehabilitating the patient for ambulation. 
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CARCINOID TUMORS OF THE RECTUM 
Report or Four Cases 


F. TaLMapGe BucHaNnan, M.D., ArtHuR M. Situ, M.D., AND 
E. MerepitH AuricH, M.D., CHARLOTTESVILLE, VA. 
(From the Department of Surgery, University of Virginia Hospital) 


HE occurrence of carcinoid, argentaffin, or neurocrine tumors in the gastro- 

intestinal tract, especially in the appendix, is well known. The first case of 
carcinoid occurring in the rectum was reported by Saltykow' in 1912, and to 
date a total of only 77 cases have been reported in the literature. The true in- 
cidence of this lesion in the rectum is probably more frequent than is indicated 
by the reported cases, since Ehrlich and Hunter? reported 10 cases of carcinoid 
in the rectum in reviewing 813 cases of tumor of the gastrointestinal tract in 
persons of military age. The purpose of this communication is to report four 
eases from the files of this hospital occurring between the years 1948 and 1951. 
These cases attracted our attention to the fairly frequent occurrence of this 
lesion and the importance of considering carcinoid in the differential diagnosis 
of anorectal lesions. 


CASE REPORTS 


CAsE 1.—J. L., a 49-year-old Negro man (History No. 726591), was seen in the out- 
patient department on Sept. 19, 1949, with a history of passing a small amount of bright 
red blood with each stool. There was no history of tarry stools or change in bowel habits. 
Rectal and proctoscopic examination revealed a .05 cm. white, pedunculated, movable non- 
ulcerated nodule three inches from the dentate line on the posterior wall. The lesion was 
biopsied and the pathologic report was as follows: ‘‘The tissue is covered by rectal mucosa 
and in the muscularis there is a rather diffuse infiltration by a very cellular tumor having 
cells which are uniformly round and oval. The cells are all the same size with a rather 
indefinite basophilic cytoplasm. Mitotic figures are not seen. The cells are arranged in 
cords and strands and dense compact nests. Diagnosis: Carcinoid of rectum, incompletely 
excised.’’ (See Fig. 1.) 

The patient was admitted to the hospital on Oct. 13, 1945. The remainder of his 
general history was noncontributory except for syphilis in 1927, inguinal abscess, probably 
granuloma inguinale, in 1928, and hemorrhoidectomy in 1945, at which time no other rectal 
lesion was noted. 

Physical examination revealed a well-developed but rather poorly nourished Negro man 
in no distress. Chest examination revealed a few crackling rales in the right apex. Rectal 
examination revealed, at the site of previous biopsy, a small ulcerated lesion. Laboratory 
studies revealed a negative urine, hemoglobin of 11 Gm., 4.25 million red cells, white blood 
count of 9,500. The blood urea was 20 mg. per cent, the serology was negative. Barium 
enema was normal. Chest roentgenogram revealed slight increased density in the right 
hilum. 

On Oct. 15, 1945, under satisfactory spinal anesthesia, the area of the previous biopsy 
was excised by the use of the snare and coagulating current. The pathologie study revealed 
a moderate amount of edema and subacute inflammatory reaction with no evidence of residual 


eareinoid. 
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Follow-up examination on Dee. 7, 1949, showed the patient to be asymptomatic; no 
abnormality was found by digital or proctoscopic examination. 


CAsE 2.—O. B., a 41-year-old white woman (History No. 293316), was admitted to the 
hospital on March 13, 1950, with a history of bright red bleeding and protrusion of soft 
velvety tissue from the anus with bowel movements for four years. There had been moderate 
anal and lower abdominal discomfort with bowel movements and rather marked constipation 
requiring laxatives. Systemic review was noncontributory. 

Physical examination on admission revealed a_ well-developed, well-nourished white 
woman in no distress. There was a large mass of hemorrhoids protruding from the anus. 
The sphincter was quite spastic, preventing complete rectal examination. Laboratory studies 
revealed a catheterized urine negative except for an occasional white blood cell per high 
power field, 25 to 30 red blood cells per high power field. Hemoglobin was 14.5 Gm., 4.41 
million red cells, white blood count was 6,400. Serology was negative. 


Fig. 1.—Photomicrograph of rectal lesion, Case 1. X50 (one-fifth reduction). 
Fig. 2.—Photomicrograph of rectal lesion, Case 2. X50 (one-fifth reduction). 


On Mareh 14, 1950, under spinal anesthesia, proctoscopic examination prior to hemor- 
rhoidectomy revealed a firm, white nodule, 4 mm. in size, located beneath the mucosa 2 inches 
above the dentate line. This nodule was completely excised and hemorrhoidectomy was car- 
ried out. The pathologie report was as follows: ‘‘One small rounded portion of light brown 
tissue measuring 6 by 6 by 4 mm. One aspect of the tissue is covered with mucosa, another 
aspect is mottled pink in color. Cut section of the nodule shows it to be uniformly light 


yellow to white in color.’’ Microscopic examination revealed: ‘‘A portion of this nodule 
is covered by normal rectal mucosa and beneath the mucosa there is a firm nodular area 
consisting of cords and masses of rather small, darkly staining cells with poorly defined 
cystoplasmie borders. These masses of cells are separated by thick strands of connective 


tissue.’’ The diagnosis was recorded as carcinoid of the rectum (see Fig. 2). 
Follow-up examination on May 22, 1952, showed the patient to be completely asymp- 


tomatie with no evidence of recurrence. 
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Case 3.—W. B., a 50-year-old Negro farm hand (History No. 312292), was admitted 
to the hospital July 23, 1951, with a complaint of epigastric and paraumbilical pain associated 
with several episodes of nausea and vomiting of three weeks’ duration. There had been no 
hematemesis or melena but periodic diarrhea had been present. Systemic review and past 
medical history were not significant. 

Physical examination revealed a muscular, well-developed and well-nourished middle-aged 
man in no acute distress. Abdominal examination revealed the liver edge, which was firm, 
nontender, and smooth, 3 em. below the right costal margin. There was moderate mid- 
epigastric tenderness. Rectal and proctoscopic examination revealed a polypoid mass cov- 
ered by mucosa, .05 em. in size, on the anterior rectal wall at the three and one-half inch 
level. A diagnosis of carcinoid was made on biopsy. Laboratory studies revealed a normal 
urine specimen, hemoglobin 12 Gm., 4.5 million red cells, 10,600 white count. Serology 
was negative. Gastrointestinal roentgenogram revealed marked pylorospasm without other 
abnormality. Barium enema revealed a markedly redundant colon with moderate dilatation. 
The stool was light brown in color. The benzidine test for occult blood gave a 4 plus 


reaction. 





Fig. 3. Fig. 4. 


Fig. 3.—Photomicrograph of rectal lesion, Case 3. X50 (one-fifth reduction). 
Fig. 4.—Photomicrograph of rectal lesion, Case 4. 50 (one-fifth reduction). 


On Aug. 3, 1951, the previously described rectal lesion was excised as an outpatient 
procedure under general anesthesia. The pathologic report was carcinoid of the rectum, 
which was thought to be incompletely excised (see Fig. 3). The patient was readmitted to 
the hospital May 16, 1951, and under general anesthesia a block dissection of the entire 
area of previous excision was carried out. The pathologic report at this time was ‘‘Granula- 
tion tissue with superficial ulceration, no evidence of carcinoid.’’ 

Follow-up examinations periodically have revealed a persistent ulceration at the site 
of previous block dissection. Examination on Feb. 27, 1952, revealed a shallow ulceration 
on the rectal wall with some surrounding induration. The patient is otherwise asymptomatic 


on an antispasmodic regime. 
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CASE 4.—W. Y. D., a 54-year-old white man, was seen as an outpatient Dec. 30, 1947, 
with a history of passing small amounts of bright red blood with bowel movements on 
occasions during the previous week. There was no history of previous bleeding or tarry 
stools. Systemic review was negative with the exception of occasional moderate epigastric 
discomfort after dietary indiscretion. 

Physical examination included rectal examination and revealed no abnormalities. 
Proctoscopic examination revealed two 1 em. polypoid lesions with short pedicles 4 inches 
from the dentate line. A barium enema revealed no abnormalities. Stool examination was 
negative; no occult blood was present. 

On Jan. 13, 1948, as an outpatient procedure, the lesions were excised through the 
proctoscope by use of a snare and the base of each was fulgurated thoroughly. Pathologic 
report was: ‘‘ Microscopic examination of the rectal polyp showed one of these ployps to 
be made up of papillary projections covered with cryptic glandular structures lined with 
tall columnar epithelium typical of the colon. This epithelium is rather tall and shows 
throughout its extent a considerable amount of mitotic activity. However, all the glands 
showed perfectly smooth, even, basal margins, and this tissue seems to be limited to the 
polypoid structure which had been removed. No malignancy is seen. One of the polyps shows 
beneath the polypoid mass of tissue in underlying fibrous and muscular tissue a rather large 
area of rounded masses and strands of epitheloid-appearing cells. These appear to be 
cuboidal or cylindric in shape, are rather pale staining, and have rounded or oblong regular- 
shaped nuclei, some of them appearing to form cords, and in places an indistinct palisade 
form is seen. The histologic picture is typical of carcinoid. It does not appear that all 
of this tumor has been removed, and the edge of the tissue shows some of the tumor tissue 
to be present. Diagnosis: Rectal polyp. Carcinoid of the rectum incompletely removed.’’ 
(See Fig. 4.) 

Follow-up examinations, the last being January, 1951, showed the patient to be asymp- 
tomatic. Rectal and proctoscopic examination was negative, and barium enema was within 
normal limits. 


DISCUSSION 
The oceurrence of carcinoid, argentaffin, or neurocrine tumors at any level 
in the gastrointestinal tract is well established. Lubarsch,® in 1888, described 
two eases of small tumors occurring in the ileum at autopsy and, by serial 
sections demonstrated the connection of the epithelial strands and nests with 
erypts of Lieberkuhn. This author set these tumors aside as an entity but chose 
to eall these tumors ‘‘ primary carcinomata of the ileum.’’ Following this report 
many similar tumors were reported; however, the nomenclature was confused. 
In 1907 Oberndorfer* propsed that these tumors be set aside from true car- 
cinomas and suggested the term ‘‘careinoid,’’ believing these tumors to be be- 
nign. Gosset and Masson,* in 1914, utilized the silver impregnation technique 
demonstrating the affinity of the granules of carcinoid tumors for the silver 
salts and henee the term ‘‘argentaffin tumor’’ or ‘‘argentaffinoma.’’ 

In 1941 Ashworth and Wallace® called attention to the widespread distribu- 
tion of these tumors in the gastrointestinal tract. However, little attention was 
given their occurrence in the rectum until 1942 when Stout’ reviewed the litera- 
ture and found 6 eases to which he added 6 eases of his own. Stout pointed 
out that ‘‘argentaffin tumors’’ was not a good term since many of the tumors 
occurring in the rectum do not show the reduction of silver salts. This ab- 
normality was explained on the basis that these tumors were derived from the 
‘*preenterocrome’’ cells of Ersparmer which do not contain enteramin, the 
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substance responsible for silver reduction. Since the publication of Stout’s 
article, 65 cases of carcinoid tumors occurring in the rectum have been reported, 
bringing the total to 77 cases appearing in the literature. Of the 77 cases 
reported, 8 of them, or 10.3 per cent, have shown evidence of distant metastasis, 
and 6 of these patients have died as a direct result of the metastatic process. Re- 
cently Pearson and Fitzgerald® have re-emphasized the malignant nature of the 
extra-appendiceal tumors and have shown an over-all metastasis rate of 38 


per cent. 

The majority of the rectal lesions reported have been small, less than 1 em. 
in diameter, and have occurred low in the rectum on the anterior wall. A few 
lesions have been polypoid and several encireled the rectum as an ulcerating 
constriction. Most of these tumors have been slow-growing, sessile lesions with 
delayed invasion of mucosa and muscularis and with metastasis occurring quite 
late. There is no apparent sex predilection and cases have been reported in 
patients 14 to 71 vears of age. 

Microscopically the typical lesion is covered by normal mucosa; however, 
ulceration may be present. The typical cell is a small epithelial cell with oval 
or rounded nucleus. The cytoplasm is usually palely acidophillic, granular, and 
often finely vacuolated. The cell membrane is indistinct and many cells may 
blend into a column. Other forms of cells, such as palisade or columnar, may 
oceur. The cellular arrangement may be in columns, nests, or amorphous masses 
and occasionally rosettes or pseudorosettes may be formed. The microscopic 
picture may be confused with anaplastie carcinoma. Shepard and associates® 
have recently reported 2 such cases in which proctectomy was performed under 


a misdiagnosis. 
COMMENT 


The occurrence of carcinoid tumors of the rectum is probably more common 
than is indicated by the number of eases that can be found in the literature. 
The tumors are usually slow growing with late invasion locally and delayed 
metastasis. The importance of the lesion lies in the differential diagnosis of 
anorectal lesions and its early recognition. Treatment of locally confined lesions 
by simple excision is apparently adequate, whereas larger constricting lesions 
may require radical protectomy. 

SUMMARY 


Four eases of carcinoid tumors occurring in the rectum have been presented. 
All lesions were apparently controlled by local excision, but the period of 
follow-up is not long enough to preclude local recurrence or metastatic lesions. 
The importance of this tumor in the differential diagnosis of anorectal lesions 


is pointed out. 
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Hypercapnia—An Abetting Factor in Cardiac Arrest 


URING the past several years there have been numerous reports of cardiac 
arrest. Most efforts have been directed toward early diagnosis and im- 
mediate treatment. Various authors have stressed the necessity for ascer- 
taining whether the cardiac arrest is complete cardiae standstill or ventricular 
fibrillation, since the treatment will vary accordingly. 

Pharmacologic agents recommended in the treatment of cardiae arrest 
are of a protean nature, including Adrenalin, procaine, calcium chloride and 
others. There is still some conjecture with regard to the rate and manner of 
manual cardiae massage, and investigations have been reported which tend 
to elucidate this area of the problem. Techniques for serial defibrillation of a 
heart in ventricular fibrillation have been published. Whereas many clinics 
feel that every surgeon should be familiar with the proper and expeditious 
treatment of cardiac arrest, some hospitals have favored cardiac emergency 
teams. 

As yet, relatively little is known as to why eardiae arrest occurs, and, 
until these physiologic mechanisms are better understood, prophylaxis will be 
based chiefly on empiricism and clinical impressions. Recent studies from 
several laboratories have stressed the importance of hypercapnia in cardiac 
irregularities and/or cardiae standstill. In anesthetized patients, carbon 
dioxide may accumulate to dangerously high levels in the alveolar air and in 
the blood. This elevation in carbon dioxide concentration in the blood bears 
no constant relationship to the oxygen concentration in the blood. Hyper- 
capnia can and does occur even in the presence of normal blood oxygenation. 

Three well-documented physiologic mechanisms based chiefly on animal 
experimentation are associated with hypercapnia. One mechanism is the pro- 
longation of conduction time in the heart when the blood pH is lowered. 
These experiments were reported by Wiggers in 1929, and anesthetized dogs 
were used in this study. Blood pH was lowered to 7.0 either by breathing 
increasing volumes of carbon dioxide or by slow infusions of dilute hydro- 
ehlorie acid. In the presence of a lowered blood pH there was a consistent 
prolongation of conduction time between the auricle and the ventricular 
surface. 

A second mechanism has been called the ‘‘posthypereapnie phenomenon’’ 
and is encountered in the sudden return of an elevated alveolar carbon dioxide 
tension toward a normal level. In experimental animals (dogs anesthetized 
lightly with Pentothal Sodium) the most dramatie posthypereapnie phe- 
nomenon is ventricular fibrillation. It is not known whether the acute onset 
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of ventricular fibrillation in these animals is related to the hypotension, myo- 
cardial damage, alterations in potassium levels, or to some other factors. In 
patients “cyclopropane shock” has been properly identified as being a “‘post- 
hypereapnie phenomenon.’’ If adequate pulmonary ventilation is maintained 
in all patients subjected to general anesthesia, posthypercapnic hypotension 
ean be largely avoided. 

A third mechanism associated with hypercapnia is the increased effect 
of vagal stimulation to the heart under this condition. In dogs, anesthetized 
with Nembutal, either faradie stimulation of the cervical vagi or the intro- 
duction of acetylcholine into the right atrium will produce a longer period of 
cardiae asystole and a more severe bradycardia when the blood pH is lowered. 
The increased vagal effects are noted when the blood pH is lowered either 
with carbon dioxide inhalation or with intravenous infusion of dilute hydro- 
chloric acid. The eardiae effects of supracardiae vagal stimulation are 
lessened in the presence of a blood pH more alkaline than normal, and this is 
true whether the increased alkalinity has been produced by hyperventilation 
or by the intravenous administration of sodium bicarbonate. The increased 
“vago-vagal” effects under conditions of acidosis should have direct bearing 
on the same problem in anesthetized patients. 

Most clinicians are well aware of the importance of adequate blood 
oxygenation, but the dangers of carbon dioxide accumulation in the blood, 
even in the presence of normal blood oxygenation, have been somewhat neg- 
lected until recently. Many surgeons have noted the improved cardiac tone 
and restoration of heart rate concomitant with the active “bagging” of patients 
undergoing surgery for congenital heart diseases, especially when the lungs 
had previously been inadequately ventilated for a time. The improvement in 
eardiae status is probably due, in part, to correction of the patient’s hyper- 
capnia and not due solely to the correction of hypoxia. 

Whereas hypercapnia may not be the sole precipitating factor in the 
tragedies of cardiac arrest, experimental and elinical studies indicate that 
hypereapnia is at least an important abetting factor. 

—(rilbert S. Campbell 
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EVELOPMENTS in the field of enzyme chemistry in recent years have 

provided several clinically adaptable agents which facilitate therapeutic 
and diagnostic procedures and make them more effective. At the present 
time, closed drainage, dissolution of slough, and nonoperative débridement 
with the aid of lytic enzymes are clinical realizations of what formerly were 
theoretical concepts. 

Hyaluronidase is a newer adaptation valuable clinically because of its 
ability to enhance the diffusion of fluids through tissues. First described as 
a spreading factor present in testicular extracts,’ it has since been shown to be 
one of a group of enzymes which depolymerize hyaluronic acid and related 
substances,”* and which occur naturally in the venoms of certain poisonous 
snakes and insects, in certain tissue extracts, and as products of various patho- 
genic bacteria.'°"" 

Hyaluronidase causes rapid diffusion of injected fluids through tissues by 
temporarily destroying the normal interstitial barrier commonly called the 
cement substance, ground substance, or mesenchymal interfibrillar substance.*” ** 
This barrier owes its gelatinous consistency, in part, to acid polysaccharides 
of giant molecular size, chiefly hyaluronic acid and chondroitin sulfates.* The 
significant result of the interaction of hyaluronidase and hyaluronie acid is 
depolymerization of the acid and liquefaction of any barrier containing ap- 
preciable amounts of the acid. Under clinical conditions, this reaction occurs 
almost instantly. Since hyaluronidase occurs in most connective tissues of 
the human body, enhanced diffusion of injected fluid is obtained with hy- 
aluronidase in most areas of the body. Following a single injection of the 
enzyme, it has been observed that twenty-four to forty-eight hours are re- 
quired for complete local reconstitution of the cement substance by mesen- 
ehymal cells. The mechanisms of its production are as yet unknown.’ 7° 


This work was aided by a grant-in-aid and generous supplies of hyaluronidase (Wydase) 
from Wyeth Incorporated, Philadelphia, Pa. 

Received for publication, June 25, 1952. 
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Clinical applications of the enzyme have developed rapidly and new adap- 
tations to special problems continue to be reported. This review is intended 
to familiarize the clinician with the properties and current uses of hyaluron- 
idase, with special reference to the fields of surgery and surgical specialties. 


PROPERTIES OF HYALURONIDASE 


Preparation.—Material available for clinica] use is a vacuum-dried pow- 
dered extract of bull testis which is free from pyrogens, destroyed by heating 
at 100° C. for five minutes or storage in alkaline media, and stable indefinitely 
in dry state at room temperature or refrigerated. It is readily soluble in 
aqueous solutions and is stable indefinitely in saline, provided sterility is main- 
tained. When reconstituted in procaine solutions, it is stable a minimum of 
two weeks at room temperature, but over four weeks at 5° C. When reeon- 
stituted with solutions containing oxidizing or reducing agents, the enzyme 
is stable for much shorter periods. 

Potency is expressed in turbidity reducing units, abbreviated to TRU,*! 
or viscosity reducing units, abbreviated to VRU,** according to the method 
of assay of the manufacturer. One turbidity reducing unit is equal to ap- 
proximately 3.5 VRU. 

Toxicity and Antigenicity—Early commercial preparations of hyaluron- 
idase contained impurities which occasionally produced foreign protein re- 
actions and sensitization phenomena.** ** With progressive purification of 
the enzyme moiety, allergic skin reactions decreased from 9.3 per cent in 
1948,2* to 0.4 per cent in 1949,*° to 0.08 per cent in 1950,*° in studies conducted 
by Schwartzman. Jaworski and Farley*’ recently reported no reactions in 
150 skin-tested patients. Moore** has reported three reactions of allergic type 
in a series of over 500 diagnostic and therapeutic nerve blocks. No human 
antigenic reactions to repeated or prolonged use of the enzyme have been ob- 
served. Material currently available is nontoxie in amounts 200,000 times 
greater than clinical dosage.*® Intravenous injection of the enzyme, unin- 
tentional in the course of loeal infiltration injection, is without danger since 
inhibitors in circulating blood act rapidly.*® * 

PRINCIPLES OF SPREADING EFFECT 

3y temporarily destroying the physiologic gelatinous intercellular barrier, 
locally injected hyaluronidase opens pathways for rapid diffusion of fluids or 
transudates. For clinical purposes, when sufficient enzyme is used, the initial 
rate and area of spread are proportional to the local increase in interstitial 
pressure exerted by injected fluid.** Thus, the larger the volume of fluid 
introduced the greater the rate and area of dispersion, since the pressure 
gradient between injection site and periphery will be larger and will last 
longer than with smaller volumes of solution. Above a certain concentration 
of enzyme, no increase in diffusion area or decrease in diffusion time accom- 
panies the use of additional enzyme. 
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Fluid injected with hyaluronidase requires less than ten minutes for 
diffusion to occur over an area three to five times larger than when an equiv- 
alent volume is injected without the enzyme. Since a larger absorptive area 
is exposed, the rate of fluid absorption following injection with hyaluronidase 
is accelerated proportionately except in the presence of venous stasis, vaso- 
constricting agents, or low-serum proteins.” 


PRINCIPLES OF CLINICAL USE 


Dosage.—It has been noted that in Negroes, larger amounts of enzyme are 
generally required to produce a given spreading effect than in Caueasians. 
It has also been noted that reconstitution of the barrier occurs more rapidly 
in Negroes. Elderly patients with inelastic redundant skin require larger 
volumes of injected fluid or local pressure to obtain an equivalent spreading 
effect. Patients receiving large doses of salicylates, cortisone, ACTH, estro- 
gens, and antihistaminics require larger amounts of hyaluronidase for equiv- 
alent spreading effect, since these drugs apparently render the cement sub- 
stance partly refractory to the action of the enzyme.**-** Similarly, larger 
amounts of enzyme are required to disperse hematomas because of the in- 
hibitory effect of whole blood. 

In general, 1 TRU of hyaluronidase per milliliter of fluid is sufficient for 
rapid dispersion of volumes up to 50 ml. for purposes of intramuscular or 
subeutaneous injection. Since this dosage is slightly excessive, less enzyme is 
usually needed when larger volumes are injected. Two turbidity reducing 
units per milliliter are usually sufficient for intradermal infiltration. Seventy- 
five to 150 TRU are usually adequate for rapid dispersion of subcutaneous 
elyses of 1,000 ml. or more. For maximum dispersion of large volumes, the 
enzyme should be injected into the tissues ahead of the fluid bulk in order to 
prevent enzyme dilution initially, when its action is most marked. Practi- 
eally, this is easily accomplished by injecting the enzyme dissolved in saline or 
procaine into the clysis tubing after the needle has been placed into tissue. 

Effect of Hyaluronidase on Infection—Whether hyaluronidase should be 
injected near areas of established or spreading infection is controversial. At 
the present time, it is not advised except when an antibiotic known to be ef- 
fective against the organisms in question is injected with the enzyme. Duran- 
Reynals** reported that in rabbits the intradermal injection of concentrated 
suspensions of staphylococci and streptococci with testicular extract resulted 
in larger lesions than when no enzyme was used. However, when extract was 
injected with diluted suspensions of organisms, the lesions were attenuated or 
did not oceur at all. He therefore postulated that a critical concentration of 
organisms of given virulence is necessary to establish infection; by dispersing 
this concentration, the enzyme indirectly exposed more organisms to anti- 
bodies and phagocytosis. Other authors have reported that attenuation of 
streptococcal infections in similar experiments is due to depolymerization of 
hyaluronic acid present in the streptococcus capsule.*® Warren,* in a study 
of the effects of hyaluronidase upon established infections of bacterial and 
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viral etiology, found that enzyme injected apart from the area of infection 
did not affect either type of infection. 

In our department, an attempt was made to determine the effect of 
hyaluronidase injected adjacent to or into the area of infection. Staphylo- 
coceal cutaneous abscesses were produced in rabbits by the intradermal in- 
jection of a concentrated suspension of organisms. In four animals, 30 TRU 
of enzyme in 3 ml. of saline was injected intradermally 1 em. from the borders 
of abscesses twenty-four hours old. A similar volume of saline alone was like- 
wise injected into four control animals. In test animals, twenty-four hours 
later, the lesions were smaller and less indurated than those of control ani- 
mals, and, in forty-eight hours, were one-half as large, well localized, and soft. 
A second study consisted of injecting 30 TRU of enzyme directly into 24-hour- 
old abscesses, using 1 ml. volumes. Control abscesses were injected directly 
with 1 ml. of saline. In twenty-four hours, the lesions in treated animals were 
smaller and softer than control lesions. Forty-eight hours after injection, the 
treated lesions appeared the same as the twenty-four hour lesions in the first 
study. These results were attributed to dispersion of organisms below the 
critical concentration necessary to establish a spreading infection. Since in 
most clinical instances the virulence of organisms is unknown, the local use 
of hyaluronidase without antibiotic, known to be effective against organisms 
present, is potentially dangerous. 

Effect of Hyaluronidase on Malignancies —Simpson*! found evidence that 
hyaluronidase injected near the base of transplanted squamous-cell carei- 
nomas in mice increased both invasiveness and metastatic rate of the neoplasm. 
In other studies, Coman* and Seifter and Warren*® found neither effect. 
Glick** has reported no mucolytie properties in numerous malignant and be- 
nign tissues unless they were contaminated, and he coneluded that previous 
studies were conducted using contaminated tissues. Since the possibility of 
increasing invasiveness or enhancing metastasis of malignant tumors by local 
injection of hyaluronidase has not been satisfactorily ruled out, it is reeom- 
mended that such practice not be used unless resection of the tumor is carried 
out at the same time. 

GENERAL SURGERY 


Hypodermoclysis—One of the first clinical uses of hyaluronidase was to 
facilitate the administration and absorption of solutions given subeutaneously 
by elysis.** ** #°-°S Experience has demonstrated that the enzyme is a valu- 
able adjunct in permitting the administration of larger volumes of fluid more 
rapidly and with less discomfort. It is of special value in the management of 
patients of all ages requiring massive or prolonged parenteral alimentation 
when the subcutaneous route must be resorted to after repeated venipunctures 
have resulted in progressive loss of available superficial veins. Through eare- 
ful planning of fluid administration and inereased use of elyses into subeu- 
taneous or intramuscular tissues, larger total volumes may be administered 
eomfortably, thereby sparing veins for the infusion of whole blood and solu- 
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tions which are not isotonic or neutral. In such patients, use of the enzyme 
has proved safe and valuable. Since longer than twenty-four hours is usually 
required for physiologic restoration of the cement-substance barrier locally, 
repeated clyses may be given into the same site on consecutive days without 
additional enzyme or the dangers associated with prolonged tissue anoxia. 
Clyses administered with enzyme are soft, doughy, and nontender, and vol- 
umes up to 2,000 ml. are usually absorbed in less than eight hours. 

Infants and children requiring large volumes of parenteral fluid have been 
given up to 100 ml. in the scapular area with enzyme in a thirty-minute period 
without painful tissue tension or leakage from the needle site. In both in- 
fants and adults, 10 TRU of enzyme per 100 ml. of solution is usually adequate 
for rapid administration and absorption. In our hospital, an adult with post- 
operative ileostomy who required 12,000 ml. of replacement fluids per day was 
given up to 6,000 ml. per day by elysis with enzyme for seven days without 
discomfort or local reaction. 

In patients with low-serum proteins, congestive heart failure, venous 
stasis, and shock, diffusion of fluid injected with hyaluronidase is not affected, 
but absorption may be retarded or absent. For this reason, care must be 
taken not to administer large volumes which may further embarrass the cir- 
culation when underlying difficulties are controlled. Similarly, the same pre- 
cautions taken in giving intravenous fluids to patients with borderline cardiac 
or renal reserve must be observed when elyses with hyaluronidase are used. 
Under certain circumstances, such elyses may be readily absorbed from the 
thoracic or thigh regions while peripheral edema is not. A second precaution 
to be kept in mind when large volumes of dextrose in water are to be given 
subeutaneously to patients with low extracellular sodium is the possibility 
that electrolyte diffusion into the area may precipitate sufficient extracellular 
sodium depletion to produce a shocklike state.°® Recent work suggests that 
the use of enzyme accelerates absorption enough to minimize or prevent such 
electrolyte pooling.” 

In addition to isotonic neutral solutions, such as normal saline, dextrose 
in water, and Ringer’s solution, other solutions usually given requisitely by 
vein, such as plasma, amino acids, and protein hydrolysates, may be given 
safely and without discomfort subeutaneously or intramuscularly with hy- 
aluronidase. Plasma proteins tagged with radioiodine and injected subeu- 
taneously ghave been shown to be absorbed one and one-half to three times 
faster when injected with enzyme. Clinical studies have demonstrated that 
plasma alone given subcutaneously is slowly absorbed and produces local 
induration, whereas plasma with enzyme is absorbed at nearly the rate for 
nonprotein solutions and without local reactions. ** °° Equivocal results have 
been obtained with whole blood.”°> In shock states, subeutaneous plasma with 
or without hyaluronidase is ineffective and dangerous since it may further 
deplete circulating blood volume by causing local pooling of electrolytes and 
extracellular fluid. This has been demonstrated experimentally in a rat-burn 
study.®? Following restoration of blood volume and reversal of shock, in burn 
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patients particularly, the use of subcutaneous plasma may be of value in main- 
taining protein levels during prolonged convalescence. 

Subcutaneous infusions of 5 per cent protein hydrolysate in 5 per cent 
dextrose have been given by Elman, using 1,000 ml. volumes and 150 TRU of 
enzyme. The infusions were given into the thigh in fifty-six instances, one 
to four hours being utilized to give the total volume. Mild chills occurred in 
three patients, but no infusions were discontinued and no significant local re- 
actions were noted. The author cautioned against the use of solutions of 
higher than 5 per cent protein concentration or with 10 per cent dextrose or 
aleohol with this technique of administration. In our hospital, pain and 
residual soreness attended the use of this technique intramuscularly until 10 
ml. of 1 per cent procaine was injected ahead of the protein into the thigh 
muscle. 

In a recent series of twenty-two subcutaneous infusions of 10 per cent 
combined fat emulsion with hyaluronidase, the results obtained were com- 
parable to those for intravenous infusion, and no local tissue reactions or 
residual collections were noted.** 

Attention has been ealled to the possible usefulness of hyaluronidase in 
emergency fluid replacement therapy of disaster victims when the number of 
casualties is large and skilled personnel few.** Since elyses subcutaneously in 
shock patients may be dangerous, as previously described, and since syringes, 
needles, and other special equipment would be necessary to reconstitute and 
administer the enzyme, it would not appear that this suggestion is especially 
helpful. 

Infiltration and Block Anesthesia—In an attempt to obtain consistently 
better regional anesthesia, Kirby and associates® employed hyaluronidase to 
increase diffusion of local anesthetic agents. They found that the area of in- 
filtration anesthesia was increased up to 50 per cent and that duration of an- 
esthesia was reduced approximately 30 per cent. The latter effect was con- 
sidered due to inereased rate of absorption of the agent. With added epineph- 
rine, there was no interference with spreading effect and the duration of an- 
esthesia was shortened less than 10 per cent. Nerve blocks and regional 
infiltrations in surgical patients were achieved rapidly and completely in 93 
per cent of their cases. In a similar series of dental patients receiving man- 
dibular or tuberosity blocks, 100 per cent of the blocks were effective and with 
less latent anesthesia time than without the enzyme. 

In a larger series of diagnostic, therapeutic, and surgical bloeks and in- 
filtrations, Moore”® confirmed more rapid onset of anesthesia, up to 40 per cent 
increase in area, and a slight inerease in the success of certain blocks using the 
enzyme with the local agent, but did not observe an over-all increase in sue- 
cessful blocks. One point made clear is that use of the enzyme is not a sub- 
stitute for a knowledge of anatomy and technique; practically, this means that 
placing the needle in the wrong fascial plane will not produce desired effects 
with the use of hyaluronidase. Of fourteen reactions reported by the author 
in over 500 eases, most would appear to be due to the anesthetic agent, 
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epinephrine, or rapid absorption rather than to the enzyme per se. Moore also 
called attention to an important contraindication in the use of the enzyme in 
unwanted uncontrolled diffusion as might result in recurrent laryngeal nerve 
block during stellate block or in bilateral lumbar sympathetie nerve block 
during unilateral block. 

It has been our experience, and the experience of various observers”* ®: ° 
that less anesthetic agent is usually required for satisfactory infiltration and 
block anesthesia, and that onset of anesthesia is appreciably more rapid with 
hyaluronidase. A summary of the influence of hyaluronidase upon infiltration 
anesthesia is given in Figs. 1 and 2. 

In general, the results herein reported have been confirmed in this hospi- 
tal, and untoward reactions have not been observed. Skin-testing and other 
precautions have been employed prior to giving agents likely to result in 
hypersensitivity or allergic reactions, with the idea in mind that injection of 
such agents with hyaluronidase might, through rapid absorption, result in 
fulminating reactions. Thus, there is a theoretical objection to the topical use 
of enzyme with Pontocaine Hydrochloride for endotracheal topical anesthesia 
for intubation, as reported by Howland and Papper.* 
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Fig. 1.—Effect, in terms of duration, of hyaluronidase on infiltration anesthesia. Aver- 
age data: ten subjects; subcutaneous injection of 3 ml. Dosage key: P = 2 per cent pro- 
caine, H = 10 TRU hyaluronidase, E = epinephrine, 0.5 ml., 1:1,000, Pt = Pontocaine Hydro- 


chloride, 0.15 per cent. 


The use of hyaluronidase to enhance pudendal local anesthesia for ob- 
stetric delivery has been enthusiastically evaluated.**-7° Employing usually 
150 TRU in 30 ml. of 1 per cent procaine with 1:1,000 epinephrine, the authors 
obtained rapid satisfactory pudendal anesthesia for uncomplicated deliveries 
and episiotomy repairs except when midforceps application required addi- 
tional inhalation or spinal anesthesia. One advantage in using the enzyme 
appeared to be 95 per cent or higher successful blocks even when administered 
by relatively inexperienced personnel. 

No increase in successful anesthesia or other benefits were noted in over 
100 patients receiving continuous Metyeaine Hydrochloride caudal anesthesia 
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with hyaluronidase, according to Payne and Rupp.” This is not surprising 
in view of the loose areolar nature of the extradural tissues. 

Lymphatic Marking—vVarious methods have been described that deal 
with vital staining of lymph nodes and channels during operation to facilitate 
caneer surgery. One of the problems of this technique is the long period 
required for significant drainage of the dye to occur. Weinberg and Greaney” 
have used 26 per cent pontamine sky blue for this purpose in gastric surgery 
with interesting results. Whereas appreciable spreading and drainage of dye 
alone was barely present after one hour, the addition of hyaluronidase to dye 
resulted in speedier and more widespread drainage along lymphatic channels. 
This same technique is applicable to lesions of the breast, bowel, and thorax. 
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Fig. 2.—Effect, in terms of area, of hyaluronidase on infiltration anesthesia. Average 
data: ten subjects. Dosage key: P = 2 per cent procaine, H — 10 TRU hyaluronidase, 
Ii = epinephrine, 0.5 ml., 1:1,000 Pt = Pontocaine Hydrochloride, 0.15 per cent. 


Prevention of Peritoneal Adhesions—In a small study of tale-induced 
peritoneal adhesions in rats, Chandy and Rhoads** introduced small amounts 
of hyaluronidase into the peritoneal cavity along with the tale and found that 
40 per cent of the rats developed adhesions in comparison with 100 per cent 
of the rats treated with tale alone. It was suggested that hyaluronie acid or 
a related substance might be involved in adhesion formation. In an extension 
of this study“ in which crushing injuries of the cecum were produced, a ma- 
jority of the rats developed adhesions despite the use of hyaluronidase in 
liberal amounts. Reutenburg and associates,” in a study of absorption of 
intraperitoneal radioactive fat emulsion, observed that, although hyaluroni- 
dase did not enhance absorption, there were fewer adhesions present later 
than in animals receiving emulsion alone. 

Connolly and Richards,** employing dogs, instilled 300 TRU or more of 
enzyme into the peritoneal cavity at operation when tale was liberally spread 
over bowel loops. At re-exploration several weeks later no adhesions were 
found, although they were present in abundance in 100 per cent of control 
dogs receiving tale alone. To determine whether the enzyme caused too rapid 
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absorption of the tale for adhesions to occur, they next treated fourteen dogs 
with tale alone, several weeks later reoperated to manually separate formed 
adhesions and perform various enterostomy procedures, and instilled 300 to 
600 TRU of enzyme in 10 ml. of sterile saline into one-half of the dogs. Ata 
third exploration several weeks later, adhesions were present in all dogs not 
having hyaluronidase instilled. In the treated dogs, there were few or no 
adhesions, the sites of previously torn adhesions having healed. No adhesions 
re-formed in dogs given larger amounts of enzyme. These results were at- 
tributed to enzyme antagonism to hyaluronic acid, which is thought to be 
formed locally as a collagen precursor in fibrous tissue formation. It was also 
felt that a quantitative relationship exists and that larger amounts of hy- 
aluronidase would prevent any adhesions forming or re-forming. The authors 
estimated that 3,000 to 3,750 TRU of enzyme would be required in human 
adults. 

The physiology of these effects has not been fully explained, especially the 
effect of hyaluronidase on the early phase of fibrinous adhesion. <A possible 
clue may be found in the work of Fiala and Roth,’* wherein hyaluronidase was 
found to inhibit thromboplastie activity of platelets and tissue thromboplastin. 
Inhibition appeared to be due to competitive combination of plasma and plate- 
let elements with the enzyme, the result being inhibition or prolongation of 
the clotting time. The physical result of this reaction in the peritoneal cavity 
may be a delay in formation of serosal fibrinous adhesions beyond the point 
where injured tissue has already been covered by a fibrinous seal by transuda- 
tion through the bowel wall. The fact that plasma thromboplastic elements 
compete with platelet and tissue elements for the enzyme may explain the 
clinical observation that dogs treated with larger amounts of enzyme did not 
form or re-form adhesions, while some of those treated with smaller amounts 
did. 

These studies are of great interest and possible application in the field of 
general surgery but will require further confirmation. The fact that hy- 
aluronidase does not appear to affect healing cutaneous wounds may be due 
to almost complete utilization of the enzyme in its reaction with its naturally 
occurring substrate, hyaluronic acid, for a brief time only. Failure of 
hyaluronidase to increase the rate of absorption of intraperitoneal fluids may 
be due to low concentration of substrate in the peritoneum itself. It is ob- 
vious that an application of such potential importance deserves extensive 
evaluation. 

Hydrocephalus.—In two pediatric patients with hydrocephalus of un- 
specified type, frequent intraventricular instillations of hyaluronidase over a 
period of several weeks failed to produce reactions or specific results.*° In 
this regard, there is reason to believe that the enzyme is inhibited by spinal 
fluid much as it is inhibited by blood. 

Prevention of Gallstone Formation.—A recent series of thought-provoking 
papers dealing with a new theory of renal stone formation raises the possibility 
that application may be made to the problem of gallstone formation. Butt 
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and associates****? found that in human beings the urinary excretion of pro- 
tective colloids may be increased by periodic subeutaneous injections of hy- 
aluronidase, a strong peptizing agent. These colloids appear to facilitate 
maintenance of solubility of stone-forming erystalloids, and were found to be 
deficient in patients with renal stones. Treatment with hyaluronidase pro- 
duced a quantitative increase in excretion of protective colloids in the urine 
and, over periods up to fourteen months in a group of patients characterized 
by the tendency to form stones rapidly, appeared to prevent new stone forma- 
tion or increase in size of existing stones. It was also noted that there was 
marked diminution in salt precipitation in tubing of patients with indwelling 
catheters. These patients received 150 TRU of enzyme subcutaneously every 
one to four days, depending upon invidual response in colloid excretion de- 
termined in advance. 

A similar study of patients with indwelling common bile duct catheters 
would be most interesting. Should comparable results be obtained, the man- 
agement of patients with choledocholithiasis, with stones of the ‘‘gravel’’ or 
‘‘mud’’ variety associated with chronic cholangitis, would be greatly facili- 
tated. 

Dispersion of Fluid Collections —An unusual example of the physical effect 
of the action of hyaluronidase upon hyaluronic acid has been reported in a 
patient with mesothelioma of the pleura and peritoneum, and respiratory diffi- 
culty because of tumor bulk. Assay of the myxomatous material formed by 
the tumor indicated a high concentration of hyaluronie acid, and hyaluronidase 

ras injected into the tumor bulk. Liquefaction of the gelatinous material was 
sufficient to permit needle aspiration and evacuation for relief of respiratory 
distress.** The effect of hyaluronidase upon the gelatinous accumulations of 
pseudomyxoma peritonaei has not been adequately evaluated. 

Early reports on the use of hyaluronidase to facilitate the absorption of 
hemothorax and hydrothorax tend to indicate that faster absorption does 
veeur when the collections are relatively fresh.**** In one ease,** the authors 
claim to have obtained rapid and complete resorption of a 2-week-old post- 
operative hemothorax by instillation of enzyme into the pleural space after 
repeated attempts at aspiration were unsuccessful. While it is conceivable 
that the enzyme may render the pleura more permeable, it seems unlikely 
that the collection of blood was much affected. Further evaluation is in- 
dicated. 

The use of hyaluronidase infiltrations in the treatment of lymphedema of 
the arm following radical mastectomy, radiotherapy, and/or infection has been 
under evaluation for more than a year in our hospital. 


MINOR SURGERY 


Infiltration and Block Anesthesia.—Hyaluronidase as an adjunct to local 
and block anesthesia for minor surgical procedures has proved particularly 
useful in busy surgical clinics where rapid onset of anesthesia, the use of 
smaller volumes of anesthetic, and inereased incidence of successful nerve 
blocks are advantageous. Nerve block of the radial, ulnar, and median 
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nerves at the wrist is readily accomplished with one-half the usual volume 
of agent and without the necessity for direct injection into the nerves when 
the needle tip is directed into the proper fascial plane. Digital nerve block 
is uniformly safe when no epinephrine is added since there is no ‘‘cuff’’ of 
injected fluid under tension to cause prolonged vascular occlusion. 

Cutaneous infiltration of procaine with enzyme prior to the removal of 
nevi, sebaceous cysts, and other lesions may frequently be accomplished with 
a single deep intradermal injection near the lesion, making halo-infiltration 
unnecessary. Reinfiltration is possible without unwanted ballooning of tis- 
sues, an important factor when anatomic detail and careful skin closure are 
essential. 

Dispersion of Fluid Collections—One of the more dramatic effects of 
enzyme infiltration is the rapid dispersion and absorption of postoperative 
or traumatic hematomas. Best results are obtained when infiltration, usually 
with enzyme-procaine mixture, is carried out within twenty-four hours after 
injury, before clotting and the formation of an inflammatory barrier impede 
dispersion. However, good results have been obtained up to one week after 
injury, the collections being chiefly transudate. 

Rapid disappearance of antecubital fossa hematomas following prolonged 
heparin infusions,*’ relief from painful swellings arising from extravasation 
of intravenous fluids,** and prevention of painful arm due to accidental extra- 
rascular injection of neoarsphenamine,’® have resulted from local enzyme 
infiltration. Mobilization of chronie ankle edema associated with varicose 
veins or chronic cardiac decompensation has been achieved temporarily in 
this clinie by multiple infiltrations of procaine-enzyme mixture, using up to 
3,000 TRU of hyaluronidase, and continuous wearing of elastic bandages ap- 
plied from the toes to above the knees. This measure is, at best, a temporary 
means of alleviating venous stasis and improving skin nutrition long enough 
to heal uleers without prolonged bed rest and elevation of the extremities. 
Ende” has deseribed reduction in varicose ulcer pain and rapid formation of 
granulation tissue following topical application of the enzyme. 

Case reports illustrating application of the dispersion principle are cited: 

Case 1—A 40-year-old housewife came to Presbyterian Hospital two hours after 
sustaining a comminuted closed fracture of the proximal phalanx of the left ring finger. 
Marked edema and ecchymosis distal to the constricting wedding band prevented removal 
of the band by force, cutting, or unwinding a string along the finger length. The finger 
tip was blue and cold, Seventy-five turbidity reducing units of hyaluronidase in 2 ml. of 
1 per cent procaine was infiltrated proximal and distal to the band, and a Penrose rubber 
drain was wrapped tightly from the finger tip to the base of the finger. After ten minutes, 
the drain was removed, the finger lubricated, and the band slipped off without difficulty. 


The bulk of the edema had been dispersed into the hand. Sensation, normal color, and 
warmth returned to the finger tip within five minutes after removal of the band. 


CasE 2.—A large, tense, painful subgaleal forehead hematoma following a blow was 
infiltrated with 150 TRU of enzyme in 10 ml. of 1 per cent procaine, and a pressure bandage 
was applied. Twenty-four hours later, the hematoma had completely disappeared, leaving 
only cutaneous ecchymosis about an abrasion. 
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CASE 3.—A patient with basal skull fracture, epidural hematoma, and tense hema- 
toma of both upper lids presented the difficulty of observation of pupillary changes. 
Funduscopic examination was impossible. One hundred fifty turbidity reducing units of 
hyaluronidase in 5 ml. of 1 per cent procaine was infiltrated into the supraorbital and 
temporal regions, thereby permitting the lids to be fully opened and examinations carried 
out. The use of ice bags and gentle local pressure prevented recurrence of tense col- 
lections. 

CASE 4.—A persistent cephalhematoma, showing no tendency to resorption one week 
after birth of a full-term male infant, was infiltrated with 1,500 TRU of hyaluronidase in 
5 ml. of 1 per cent procaine. Within twenty-four hours there was marked softening of 
the previously firm hematoma; complete absorption occurred within five days. 

PLASTIC SURGERY 

Local Anesthesia—The value of dispersing agent to prevent ballooning 
of tissues by local anesthetic for procedures about the face, eyelids, ears, nose, 
and hands has been well established. ‘or many such procedures formerly 
performed under a general anesthetic to eliminate tissue distortion, such an 
agent is of great value. Precise alignment of flaps and wounds is possible 
even though relatively large volumes of anesthetic are used. The chief lim- 
itation of the procaine-hyaluronidase combination is the shortened period of 
anesthesia (lig. 1). This may be overcome by reinfiltration or the use of 
longer acting agents when the addition of a vasopressor is not desirable. 

Protection of Flaps and Grafts—Postoperative edema and hematomas 
about flaps and grafts may be prevented by local infiltration of enzyme at the 
end of the operative procedure or be dispersed by infiltration when such 
changes appear postoperatively. The additional use of gentle pressure as- 
sures greater efficiency of the enzyme. This application has been of particu- 
lar value in saving cyanotic pedicle and sliding grafts under tension caused 
by edema or hematoma, In theory, the nutrition of cartilage, free full-thick- 
ness skin grafts, and free fat grafts would be improved by infiltration of the 
recipient site with enzyme. 

Treatment of Keloids—Two isolated reports have appeared dealing with 
the use of hyaluronidase in the treatment of keloids. Conway and Stark”! 
injected the enzyme with ACTH directly into keloids at weekly intervals and 
observed disappearance of blanching and itching within five weeks. In a 
premature report on the use of the enzyme alone in a small number of pa- 
tients, Braun-Faleo and Weber® claim to have observed definite regression 
of keloids treated daily with 100 units of enzyme in 1 ml. of distilled water for 
six to ten days. Further evaluation is indicated. 


ORTHOPEDICS 


Local Anesthesia—In few fields have the effects of hyaluronidase found 
greater usefulness than in orthopedic surgery. The facility with which local 
anesthetic agents are injected and concomitant dispersal of fluid collections is 
achieved has been demonstrated to advantage. The use of enzyme has been 
reported in the treatment of acute ankle sprains, acute myositis, and calcific 
bursitis® to facilitate local anesthesia for the closed reduction of Potts’ and 
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Colles’ fractures,®* for the treatment of spastic flat foot,®* and in the treatment 
of traumatie and arthritic disorders of the foot and leg.” 

In our hospital, the use of 1 per cent or 2 per cent procaine or longer 
acting agents and 150 TRU of hyaluronidase injected locally has met with a 
high degree of success in providing local analgesia for the reduction of frac- 
tures of the arm, forearm, wrist, hand, fingers, ankle, and feet and has proved 
more reliable than plexus or nerve block with or without hyaluronidase. Best 
results were obtained when injection was made into the hematoma at the frac- 
ture site. Concomitant dispersion of tension produced by edema and hema- 
toma has permitted the application of snug-fitting casts and splints without 
the danger of subsequent vascular occlusion, has caused marked reduction 
in peripheral edema the day after reduction, and has produced no measurable 
effect upon bone healing. Because the spread of anesthetic is enhanced by 
enzyme, injection of only one side of the fracture site has customarily been 
necessary, even for adequate analgesia in children. 

Almost immediate disappearance of muscle spasm associated with ‘‘stiff 
neck’’ and low-back myositis has been noted following infiltration of the 
involved area with the procaine-hyaluronidase mixture. In patients with 
multiple or large ‘‘trigger’’ zones, a single local infiltration was found ef- 
fective in producing relief from pain and spasm for periods lasting up to 
thirty minutes when procaine was used, and up to four hours when Ponto- 
caine Hydrochloride was used. In most patients also treated with local] heat 
and gentle massage, the total period of disability was reduced to one to three 
days. 

Acute ankle sprains treated with local infiltration of enzyme and longer 
acting anesthetics, in combination with an elastic bandage, were uniformly 
asymptomatic during early use of the ankle. The period of disability in most 
cases was limited to less than one day. 

Of the many treatments for calcific tendinitis, none of the conservative 
methods appear to change or prevent degenerative processes in tendinous 
tissue. For this reason conservative measures should be directed toward pro- 
viding rapid relief from pain as well as absorption of liquid or precipitated 
calcific deposits. In most instances radiotherapy does not satisfy these re- 
quirements. Simple needling is usually successful only when active exercise 
of the part facilitates resorption of the chemical irritant. Too frequently pain 
prevents adequate exercise. In such patients, infiltration of enzyme and long- 
acting anesthetic into the tendon, bursa, deposit, and adjacent joint spaces, 
in the case of the shoulder, has been found to satisfy the previously mentioned 
requirements. In addition to causing rapid absorption of calcifie material, as 
demonstrated by roentgenograms, permitting painless exercise, and providing 
rapid relief from pain, the procedure theoretically improves tendon nutrition 
by inereasing local permeability. 

Dispersion of Fluid Collections —Direct injection of inflamed olecranon 
and prepatellar bursae with hyaluronidase and application of a pressure 
bandage has proved highly successful in obtaining dispersion of collected 











930 RECENT ADVANCES IN SURGERY ro Sttney 
transudate without recurrent effusion when local pressure was maintained at 
least five days. The first patients treated in this manner were only ocea- 
sionally successful until aspiration of accumulated fluid and injection of an 
equal volume of enzyme-procaine mixture was carried out. 

Similar use of the enzyme in the treatment of traumatic and postoperative 
joint effusions and hemarthroses has consistently met with success, although 
up to three treatments have been required in certain cases and failures have 
been observed in patients with chronic arthritic changes of several years’ 
duration. In general, 300 to 1,500 TRU of enzyme in 1 per cent procaine was 
injected into the joint without prior aspiration of joint contents. In those 
eases where patients were subjected to prior aspiration, an equal volume of 
enzyme-procaine mixture was injected into the joint, and in all cases a firm 
elastic bandage was applied for at least three days. Without adequate intra- 
articular pressure, produced either by injected fluid or bandage, enzyme ef- 
fect upon the synovial lining is much reduced. The fact that hyaluronidase 
will markedly increase synovial permeability has been demonstrated by Seifter 
and associates.°° Several patients treated by injection of enzyme into the 
joint before skin closure at operation developed small effusions which sub- 
sided only after repeated aspirations or a second injection of hyaluronidase in 
sufficient fluid volume to distend the joint briefly. 

In our hospital, dramatic relief from pain and swelling has been obtained 
in hemophilie patients with acute hemarthroses of both large and smal] joints. 
These patients were first transfused with blood or plasma to return the elot- 
ting time to normal and reduee periarticular bleeding incident to joint aspira- 
tion. As much blood as possible was aspirated from the joint, then enough 
procaine-enzyme mixture was injected to distend the joint; in general, 150 to 
1,500 TRU were used, depending upon joint size. An elastic pressure bandage 
was then applied, and the patient was encouraged to begin active motion 
without weight bearing. Three patients having early elbow hemarthroses treated 
within forty-eight hours of initial swelling showed disappearance of effusion 
and up to 45 degrees of voluntary flexion and extension in twenty-four hours. 
Repeat instillations were done on the second and third days. In all three 
cases, by the fourth day full motion was carried out voluntarily without pain. 
A fourth patient with hemarthroses of all interphalangeal joints of one foot 
was treated with a single injection of 150 TRU in 2 ml. of 1 per cent procaine 
into the interphalangeal joint of the great toe, this site being the most painful. 
In twenty-four hours there was no effusion, periarticular swelling was dimin- 
ished, and pain was experienced only with extremes of motion. A fifth pa- 
tient, with hemorrhage into the right prepatellar bursa of six weeks’ duration, 
had had several aspirations which failed to prevent painful reeurrent fluid 
collections, at times grossly bloody. Twenty milliliters of serosanguineous 
fluid was aspirated, 20 ml. of 1 per cent procaine containing 150 TRU was in- 
jected into the bursa, and a pressure bandage was applied. Twenty-four hours 
later there was 50 per cent reaccumulation and the procedure was repeated. 
The following day and subsequently there was no recurrence of effusion. A 
sixth case was that of an 8-year-old hemophilie patient first seen three weeks 
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after onset of left elbow hemarthrosis. Swelling and pain had subsided, but 
flexion beyond 100 degrees and extension beyond 160 degrees were painful and 
impossible voluntarily. Six hours after injection of 300 TRU in 7 ml. of 1 per 
cent procaine, a full range of voluntary painless motion was present. Through 
encouragement in voluntary exercises, the patient retained full range of mo- 
tion. 

Since hemophilie patients as a group show progressive emotional re- 
sistance to repeated aspirations of hemarthroses and, through pain, resist vol- 
untary exercises, any method which will restore early motion is welcome, The 
number of these patients with ‘‘frozen’’ joints and disuse atrophy of muscles 
is a testimonial to the inadequacy of conventional methods of management. 
In patients with fresh hemarthroses, hyaluronidase appears to act by inereas- 
ing synovial permeability and facilitating rapid absorption of fluid. In the 
absence of continued or recurrent bleeding into the joint, reduction of joint 
tension and tenderness encourages and permits early motion. Rapid restora- 
tion of motion in the boy with an old hemarthrosis is difficult to explain; it is 
possible that synovial edema, resulting from reaction to broken-down red cells, 
was dispersed, thereby decreasing mechanical limitation of motion. 

Hyaluronidase in the treatment of joint effusions associated with osteo- 
arthritis and rheumatoid arthritis has not been adequately studied. Ragan 
and DeLamater™ first reported reduction of viscosity of joint fluid in patients 
with rheumatoid effusions treated with hyaluronidase injection into the joints. 
Reaccumulation of fluid occurred rapidly, probably because small amounts of 
enzyme, no replacement of volume pressure, and no pressure bandages were 
used. In a subsequent publication, Ragan and Meyer®* demonstrated that the 
joint fluid in these patients has quantitatively increased depolymerized hy- 
aluronate in proportion to activity of the disease process. No data were given 
regarding the hyaluronate content of the synovium. Should the same be true 
for synovium, hyaluronidase could not be expected to have any marked effect. 
Neither would hyaluronidase in ordinary dosage have much effect in patients 
treated also with ACTH or cortisone.” 

It is suggested that the use of hyaluronidase in wounds following internal 
fixation and fusion procedures may be effective in dispersing deep hematomas 
and reducing the risk of deep-seated infection. In this regard, injection of 
enzyme into fractures about the radial head may, in certain eases, prevent 
myositis ossificans by dispersing hematoma and edema. In support of this sug- 
gestion is the observation that in two young men seen within eight hours of 
development of deep traumatic hematomas of the mid-thigh, one of which 
was treated with deep injection of enzyme, there was roentgen evidence of 
extensive calcification of the vastus intermedius two months later in the un- 
treated patient and none in the enzyme-treated patient. 

One dramatic example of the rapidity of enzyme effect was observed in 
a male adult, subsequently found to have idiopathie thrombocytopenia, who 
presented with massive hematoma about a simple closed fracture of the mid- 
radius, sufficiently tense to obliterate the radial pulse one hour after injury. 
The hand became cold and mottled, and preparations were made to carry 
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out open reduction and evacuation of hematoma. As a trial measure, 300 TRU 
of hyaluronidase in 20 ml. of 1 per cent procaine was infiltrated about the 
fracture site and a tight pressure bandage was applied for ten minutes. When 
the bandage was removed, swelling had subsided markedly and the radial 
pulse had returned. No further bleeding about the fracture occurred, and re- 
duction was subsequently effected. 


OPHTHALMOLOGY 


Only recently have reports of the use of hyaluronidase in the field of 
ophthalmology appeared, partly because early reports based upon the use of 
impure preparations described a high incidence of local reactions. A more 
recent report by Linn and Ozment®® describes corneal vascularization and 
clouding, iritis, synechiae, and keratectasia following injection into the cornea, 
anterior chamber, or vitreous of rabbits. The preparation used contained a 
‘*polypeptide stabilizer’’ which, in the light of extensive use of purified en- 
zyme alone in human subjects, would appear to have produced the deseribed 
deleterious effects. 

Local Anesthesia.—Clinieal use of hyaluronidase to enhance bulb an- 
esthesia and akinesia has been found effective and safe.1°"°* The advan- 
tages of rapid onset of anesthesia and increased incidence of successful an- 
esthesia have made retrobulbar infiltration and temporofacial block with 
enzyme routine procedure in several institutions. In general, 30 TRU per 5 
ml. of proecaine-epinephrine mixture has permitted the use of less anesthetie, 
orbieularis akinesia, and paralysis of extraocular muscles without individual 
injection of muscles or ciliary ganglion. 

In a series of cataract extractions, minor operations upon the lids, enu- 
cleations with implants, and operations for glaucoma, strabismus, and retinal 
detachment, Atkinson’”’ reports satisfactory anesthesia, akinesia, less balloon- 
ing of tissues and postoperative edema, and less danger of vitreous prolapse 
during ‘cataract extraction. In his experience, cone injection with the enzyme 
is contraindicated for corneoscleral trephining since hypotony reaches the 
point where spontaneous prolapse of the iris does not occur. No anesthetizing 
effect was obtained by adding enzyme to Pontoecaine Hydrochloride for in- 
stillation into the conjunctival sae. 

Lebensohn!” reports similar results, but objects that hypotony following 
cone injection with enzyme makes lens delivery too difficult. In this hospital, 
this technical difficulty is felt to be overcome by inereased safety in prevent- 
ing vitreous prolapse. 

Treatment of Lesions.—Following the identification of hyaluronic acid as 
one of the chief constituents of vitreous and aqueous humors by Meyer and 
Palmer,’ these authors hypotheecated a theory of physiologic ocular cireula- 
tion of hyaluronate derived from pigmentary epithelium.’°® Locally activated 
hyaluronidase was thought to depolymerize hyaluronate at a constant rate and 
facilitate its eonstant drainage. It was suggested that local inhibition of 
hyaluronidase may be a cause of simple glaucoma. While the work of Pirie 
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tends to substantiate the circulation theory,’ the fact that simple glaucoma 
does not commonly appear in patients receiving prolonged courses of ACTH 
and cortisone tends to negate this suggestion. These drugs apparently render 
hyaluronate refractory to the action of hyaluronidase in vivo. 

Lebensohn'” has described the successful treatment of postoperative 
chemosis and dispersion of orbital edema following enucleation to permit early 
prosthesis-fitting after daily infiltrations for two days. In a glaucoma patient 
with acute pain, treated by cone injection of enzyme, tension dropped from 
46 to 27 mm. Hg in fifteen minutes with rapid relief of pain. Subconjunctival 
injection with enzyme was also found to reduce tension in persistent post- 
operative hyphemia, absolute glaucoma, juvenile glaucoma, and eyelitis glau- 
comatosa with tuberculous uveitis. Four hours after similar treatment of a 
patient with ‘‘endothelial dystrophy,’’ corneal clearing and improved vision 
appeared for a twenty-four-hour period. Punctate keratitis, vascularized 
pannus, and small pterygiums disappeared rapidly after similar treatment. 
These results were obtained with a preparation of hyaluronidase containing 
a polypeptide stabilizer, while hyaluronidase alone was ineffective except in 
dispersing fluid accumulations and enhancing cone infiltration. However, the 
fact that enzyme increases local tissue permeability and nutrition led the 
author to suggest its use in transplant surgery, in filtering operations to facili- 
tate drainage, with penicillin in the treatment of corneal ulcers to prevent 
secondary glaucoma, and for iritis glaucomatosa before resorting to para- 
centesis. 

Dekking’®® used eye drops containing 5 TRU of hyaluronidase per milli- 
liter, administered four or five times each day, in the treatment of refractory 
filamentary keratitis, and observed healing after one to two days of treatment. 

Several authors'®®!"! have diseussed the possibility of reducing the bulk of 
retrobulbar tissues in patients with exophthalmie goiter by retrobulbar injec- 
tions of hyaluronidase. In a few patients so treated, there was regression 
of chemosis and healing of corneal ulcers, but the degree of exophthalmos was 
not appreciably affected. With the added use of pressure bandages over the 
eyes for twenty-four hours, results were more striking, but only transient 
diminution in bulb protrusion oceurred. Johnson'’® suggests that treatment 
be started at the first sign of developing exophthalmos to prevent fibrosis in 


the exophthalmie position. 
UROLOGY 


Prevention of Stone Formation.—An interesting and promising approach 
to the problem of renal stone management has recently been presented by 
Butt and associates™*? after extensive observations on the properties of 


urinary colloids. Employing the theory that abnormal solubility of stone- 


forming salts in the urine depends upon the presence of protective colloids, 
which prevent agglutination and precipitation of crystalloids, the authors 
measured the quantitative excretion of these colloids in over 600 human sub- 
jects. They found an absolute reduction in patients with proved urinary tract 
stones and found that treatment with strong peptizing agents, such as hy- 
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aluronidase, increased the excretion of protective colloids toward normal. 
Twenty patients, characterized by their tendency to form stones rapidly, 
were then treated up to fourteen months with 150 TRU of hyaluronidase in 
1 ml. of saline by subcutaneous injection every one to four days, according to 
previously determined colloidal response. At the end of treatment, no new 
stones could be demonstrated by usual means and previously existing stones 
had not increased in size in eighteen of the twenty patients. All ten patients 
of a second group treated with double the amount of enzyme failed to show 
evidence of stone formation or increase in size of existing stones. In several 
patients with indwelling urethral catheters, during similar treatment, there 
was marked reduction in the amount of crusting and sediment in the tubing. 
It was also noted that the excretion of protective colloids is markedly reduced 
during periods of emotional stress. 

The authors did not explain how protective colloids are increased by sub- 
cutaneous injections of hyaluronidase or whether local use of the enzyme 
would have the same effect. That the latter is unlikely has been demon- 
strated by Narins and associates,'!? who were able to cause fragmentation in 
vitro of certain types of stone, but met no success with in vivo local instilla- 
tion of enzyme. Stone fragmentation in vitro was attributed to depolymeriza- 
tion of hyaluronic acid in the colloid matrix of certain types of stone. 

Should further clinical studies confirm the findings of Butt and associ- 
ates, hyaluronidase in ‘‘depo’’ form, permitting weekly or monthly injec- 
tions, would become a valuable aid in the management of stone formation. 

Excretory Urography.—tThe subeutaneous injection of dye for exeretory 
urography in small ehildren, infants, and obese adults with poor superficial 
veins did not become popular following the report by Nesbit and Douglas,'™ 
heeause of slow absorption and local tissue injury. Recently, Simon and 
Narins''* demonstrated in guinea pigs that hyaluronidase injected prior to or 
simultaneously with the dye resulted in rapid absorption, excellent urograms, 
and no tissue injury. Clinical application was made by Burket and Gyorgy,”! 
who obtained satisfactory urograms using one-half the usual amount of dye. 
urther experience with a larger series has been reported by Olssen and 
Lojgren.’'® In this hospital, 10 to 20 ml. of 70 per cent dye, diluted two or 
three times with 1 per cent procaine, has been injected into the scapular region 
five minutes after preliminary injection of 30 TRU in 5 ml. of 1 per cent pro- 
caine. Excellent urograms have been obtained in children and infants with- 
out pain or loeal reaction. Usually, forty minutes after injection the entire 
tract is visible in sharp detail. Hinman*’® reports similar results using 10 ml. 
of 35 per cent dye in 50 ml. of saline. Further case reports of successful 
use of the enzyme have been reported by Byrne.'"? 

Hemostasis in Transurethral Resection—Baurys''* recently deseribed the 
use of hyaluronidase to enhance diffusion of epinephrine injected into the 
prostate to control hemorrhage during transurethral resection. Greater dif- 
fusion of the vasopressor was evident from the marked reduction in bleeding 
during and after surgery. The author used a mixture containing 100 TRU 
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and 1 ml. of 1:1000 epinephrine in 100 ml. of saline. About 10 ml. of mixture 
was infiltrated through a single puncture site in each lobe with a long needle 
through a Braasch cystoscope. In 100 patients so treated, operative bleeding 
was reduced approximately two-thirds as compared with a control series. 

Miscellaneous Uses —Hinman"' reports that the subeutaneous injection of 
phenolsulfonphthalein with hyaluronidase results in dye excretion curves com- 
parable to those obtained with intravenous injection of the dye. 

Williams and associates'® infiltrated hyaluronidase solution into para- 
phimotie constricting bands resistant to manual reduction in three patients 
and obtained rapid reduction of edema and band in all eases. 

In the experience of one of us (R. C. B.), hyaluronidase with 2 per cent 
procaine provides satisfactory local anesthesia for circumcision in adults. 
Initial infiltration of prepuce and suleus with 3 to 5 ml. of solution contain- 
ing 50 TRU usually results in adequate anesthesia without ballooning and 
with minimal postoperative edema. 

Suggestion is made that hyaluronidase infiltration may be of value in 
rapidly reducing trigone edema associated with acute prostatic obstruction, 
in relieving testicular tension in orchitis with epidemic parotitis, and in re- 
lieving postoperative edema following scrotal surgery. 

OBSTETRICS AND GYNECOLOGY 

Local Anesthesia.—The use of hyaluronidase to enhance pudendal block 
has been disecussed.***° Its use with local anesthetic for minor operations 
about the vulva, as elsewhere, has proved of value in obtaining wider anes- 
thesia without ballooning of tissues. 

Treatment of Infertility—Sinee McClean and Rowlands'?° demonstrated in- 
vitro that hyaluronidase will disperse the follicle cells surrounding recently 
ovulated mammalian ova, and Rowlands’ showed that hyaluronidase-con- 
taining sperm filtrate markedly increased the fertilization percentage in rab- 
bits artificially inseminated with sperm concentrations ordinarily inadequate 
for fertilization, there has been much work and more speculation regarding 
application to human infertility. Chang’** demonstrated that Rowlands’ re- 
sults were due to seminal plasma, not to hyaluronidase, and Austin!?* showed 
that hyaluronidase contained in spermatozoa permits penetration of the eumu- 
lus and that dispersion of the cumulus is relatively unimportant to fertiliza- 
tion. Most workers agree in theory that large numbers of spermatozoa are 
required for fertilization, but many take issue with the conelusion that pro- 
vision of high concentration of hyaluronidase is the sole purpose.'?*-!"* There 
is evidence to show that above a threshold concentration of hyaluronidase in 
the seminal plasma, there is diminishing percentage of fertilization.’*! Clin- 
ical trials with infertile couples have already been based upon the observation 
that with hypospermia there is also reduced hyaluronidase content of the 
ejaculate,’*” 7°8 and the possibility that added enzyme may increase the 
chances of fertilization by dispersing the cumulus barrier. It is difficult to 
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eredit the belief that hyaluronidase, added to the ejaculate or deposited in 
the cervix prior to coitus, reaches the Fallopian tubes where fertilization oe- 
curs in the majority of cases, for the reasons that hyaluronidase does not 
affect cervical mucus,”° and that hyaluronidase introduced into the uterus does 
not pass into the tubes." 

Kurzrok!* has reported one of the few optimistic series of patients treated 
with hyaluronidase. Treatment consisted of application into the cervical 
canal of 12,000 TRU of powdered enzyme at the time of ovulation and just 
prior to coitus. Of 158 treated patients, conception occurred in 42 or 26 per 
eent. Of 157 control untreated patients, conception occurred in 17 or 10 per 
cent. The difference of 16 per cent between the two series is not statistically 
significant and does not justify the author’s conelusion that hyaluronidase 
is of value in the treatment of infertility. This report has also been eriticized 
for the short periods of infertility experienced by the subjects prior to treat- 
ment and the failure to make clear what diagnostic efforts were made to elim- 
inate from the study patients without gynecologic disease. 

Negative results in patients treated similarly have been reported by 
Tafel and associates,'*? Sallman,'** and Siegler.’** At the present time it ap- 
pears there is no justification for the early optimism that hyaluronidase may 
be of value in the treatment of infertility. 


OTORHINOLARY NGOLOGY 


Local Anesthesia.—The use of hyaluronidase with local anesthetic for ton- 
sillectomy has been reported by Heinberg.'** Almost immediate anesthesia 
requiring less volume of anesthetic was obtained, and neither unusual bleed- 
ing nor retardation of healing was observed. Cottle and associates'® have de- 
seribed the use of hyaluronidase in local anesthesia for rhinoplasty and sub- 
mucous resection of the septum in fifty cases. Using a mixture of 125 TRU 
in 25 ml. of procaine-epinephrine solution for infiltration of one side of the 


nose and proeaine-epinephrine mixture in the opposite side, the authors noted 
lack of tissue distortion, rapid onset of anesthesia, wider and more complete 
anesthesia, and less postoperative edema and ecchymosis on the enzyme-treated 


side. 

Treatment of Sinusitis—Som and associates'** obtained enhanced penetra- 
tion of penicillin into normal and diseased paranasal sinuses of twenty-four 
patients by the instillation of a mixture of 200,000 units of erystalline peni- 
eillin G with 20 TRU of hyaluronidase in 2 to 3 ml. of saline. Double the blood 
levels obtained without enzyme were noted. In two patients, no blood peni- 
cillin level could be obtained without enzyme. These findings were consid- 
ered indicative that hyaluronidase will earry locally instilled antibiotics 
deeper into acutely and chronically inflamed sinus mucosa. Similar results 
have been reported by Cohen'* and Aubertin.®* 

It is suggested that enzyme infiltration may be of value in reducing the 
edema and obstruction following nasal fractures and in dispersing retro- 
pharyngeal hematomas. 
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DERMATOLOGY 


Treatment of Localized Myxedema.—lLoealized myxedema is an uncommon 
sequela of thyrotoxicosis usually occurring several months or years after 
thyroidectomy. Because the plaques or swellings, which commonly occur 
over the pretibial regions, contain large quantities of hyaluronic acid,'** they 
furnish a unique opportunity to demonstrate hyaluronidase specificity. The 
lesions are refractory to treatment with thyroid extract and ACTH, but have 
been influenced to some extent by direct infiltrations of hyaluronidase. Mills 
and Forsey'*®® produced softening of the lesions with repeated infiltrations of 
the enzyme, but did not obtain disappearance until a pressure bandage was ap- 
plied immediately after injection. Grais'*® and Bloom" have reported similar 
results. Rosman,'*? using larger amounts of enzyme (450 TRU in 3 ml. of sa- 
line), injected twice weekly, and pressure bandages, produced disappearance 
of lesions in two patients in one and two months, respectively, but noted re- 
currence within a few weeks after cessation of treatment. 

In this hospital, a middle-aged white man, developing typical pretibial 
lesions several years after thyroidectomy for Graves’ disease, was treated 
with ACTH without change in progression of the lesions. A biopsy showed 
replacement of dermis by metachromatic myxoid material which assayed 85 
per cent hyaluronic acid. The lesions of one leg were infiltrated twice weekly 
with 500 TRU in 10 ml. of 1 per cent procaine, and an elastic pressure bandage 
was worn at all times. Use of the pressure bandage was in accordance with 
the observation that pressure increases the efficiency of dispersion. After 
three weeks of treatment, the lesions disappeared completely while progression 
was noted on the untreated leg. The biopsy site on the untreated leg had 
healed poorly and separated easily. Despite no further treatment, lesions have 
not recurred on the treated side, although the entire pretibial region was in- 
volved on the untreated leg four months later. 

Miscellaneous.—Mayer'* has suggested that hyaluronidase, normally oe- 
eurring in the skin as an agent in connective tissue metabolism, becomes fully 
activated locally in the presence of inflammation and plays an important role 
in the evolution of inflammation. He observed a marked increase in guinea 
pig skin enzyme concentration in the presence of paraphenylenediamine der- 
matitis and heat-induced inflammation. He also observed that the enzyme in- 
creases the intensity of the epidermal type of allergic-skin reaction and that 
antihistaminie drugs inhibit this phenomenon. Asboe-Hansen'* failed to con- 
firm these findings and concluded that the enzyme is not of pathogenie im- 
portance in contact allergic reactions. 

Vollmer?® found that hyaluronidase included in tubereulin patch tests in 
tubereulin-sensitive patients did not intensify or accelerate reactions. 

Iontophoresis with hyaluronidase in the treatment of generalized sclero- 
derma has been reported by Popkin,'*® who obtained healing of a resistant 
cutaneous uleer by this method. 

Hyaluronidase with procaine penicillin injected directly into the lesions 
of sycosis vulgaris failed to enhance the effect of antibiotie but also failed 
to spread the infection.**’ 
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DRUG THERAPY 


Injection of Medications——Pain, soreness, and sterile abscess formation 
following subcutaneous or intramuscular injection of liver preparations, heavy 
metals, steroids, oil preparations, and other irritating drugs can, in most in- 
stances, be prevented by the addition or preliminary local injection of hy- 
aluronidase. Paradoxically, although such irritating materials are spread over 
larger areas, tissue reaction is minimized because of rapid absorption. In 
certain instances, of course, rapid absorption is undesirable and other means 
must be found to prevent untoward reactions. 

Mosely and Montgomery'** administered penicillin by continuous intra- 
muscular drip with hyaluronidase to several patients with bacterial endo- 
carditis without any more discomfort or residua] tenderness than with saline 
clysis. Continuously high plasma-penicillin levels were obtained. 

Similar results with the subeutaneous injection of heparin with hy- 
aluronidase have been reported by Tuchman and Moolten,'*® who obtained 
clotting times closely parallel to those obtained with continuous intravenous 
infusion of heparin. 

The safety, rapidity, and comfort of subcutaneous or intramuscular ad- 
ministration of protein solutions has recently been confirmed by Elman,** 
who gave 5 per cent of Amigen in 5 per cent dextrose with and without 
Ringer’s solution subcutaneously with hyaluronidase. Clyses required from 
seventy minutes to four hours and produced no reactions other than mild chills 
in three patients. Repeated use of the same site produced no tissue damage in 
a large series of patients. 

Shafiroff** has reported similar results with the subcutaneous elysis of 
10 per cent fat emulsion with enzyme in twenty-two patients. No side effects 
occurred, no residual gross-fat emulsion remained locally, and plasma response 
was comparable to that in patients receiving the emulsion intravenously. 

The use of hyaluronidase as an adjuvant to topical antibiotic therapy of 
paranasal sinus disease has been discussed. Cohen'** has also claimed facilita- 
tion of drainage and absorption of thoracic empyema following instillation of 
enzyme into the empyema. Aerosol antibiotic-hyaluronidase mixtures in the 
treatment of suppurative lung disease have been used by Lamers and 
Herold,’®*’ and the conelusion made that the enzyme caused lysis of exudate 
without interfering with antibiotic absorption. This conclusion is tenuous 
on the basis of substrate specificity. It is unlikely that enzyme was responsible 
for reduction of viscosity of coughed-up material in their patients in view of 
Bunting’s demonstration that hyaluronidase does not affeet bronchial mucus.?° 
Similar use of the enzyme has been described in the treatment of pulmonary 
tuberculosis to enhance spread of antibiotic to disease foci.*' This practice 
has been condemned on an experimental basis by the work of Corper and 
(ohn,? who found that hyaluronidase injected with tubercle bacilli intra- 
dermally in guinea pigs caused multiple skin tubercles as well as more ex- 
tensive ulceration. Since streptomycin is not rapidly effective, it seems likely 
that local spread of pulmonary infection would precede antibiotic effect. 
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Bergquist*** has reported results of an attempt to heighten the effects 
of B.C.G. vaccination with simultaneous injection of hyaluronidase. A dif- 
ference of 26 per cent successful vaccinations was observed one month after 
vaccination in favor of enzyme-treated patients. Seven weeks later the dif- 
ference was reduced to 8 per cent. Four of the patients treated with enzyme 
developed ulcerations larger than 10 mm. 

The intramuscular injection of 250 mg. of Aureomyein dissolved in Soren- 
sen’s buffer solution and 1 per cent procaine with 75 TRU of hyaluronidase 
resulted in significant blood levels of Aureomycin within two hours, lasting for 
at least twelve hours in eight subjects. All injections were painful, and 
residual tenderness occurred in all patients. 


DENTAL AND ORAL SURGERY 


Local Anesthesia.—One of the first reports of a clinical application of 
hyaluronidase was that by Kirby and associates,®* dealing with enhanced man- 
dibular and tuberosity blocks for dental and oral surgery. In a subsequent 
paper’** the authors emphasized rapid onset of analgesia, higher incidence of 
successful blocks, and ease of injection of procaine-epinephrine-hyaluronidase 
mixture in a series of seventy-one patients. Whereas the short duration of 
analgesia without epinephrine was considered undesirable by the authors, in 
other clinics the rapid disappearance of lingual numbness has been regarded 
as advantageous. Epinephrine was not observed to inhibit enzyme effect since 
its activity is independent of vascularity. 

Tanz and associates,*° in a report on the comparison of hyaluronidase 
and a synthetic wetting agent, as dispersing agents for dental block an- 
esthesia, found comparable general results. The wetting agent, apparently 
aiding dispersion by reduction of surface tension, was equally as effective as 
hyaluronidase in reducing anesthesia latency time and increasing the incidence 
of successful blocks. 

Hyaluronidase infiltration locally produced rapid disappearance of buc- 
eal hematoma, facial hematoma following condylar fracture, and trismus 
following molar extractions in the experience of Benzer.** One hundred 
fifty to 500 TRU in 1 to 10 ml. of saline was used. No effect was noted on sub- 
maxillary-gland induration associated with sialolith of two months’ duration. 

The use of hyaluronidase may be adapted to dental cartridges by with- 
drawing a small amount of anesthetic from the cartridge and adding the desired 
amount of enzyme (15 to 150 TRU), dissolved in 0.2 ml. or less of saline. At the 
present time, cartridges including the enzyme are not available since enzyme 
stability under these conditions has not been determined. 


SUMMARY 


Hyaluronidase is one of several enzymes recently developed to enhance 
and supplement therapeutic measures. Its value has been well established in 
speeding the administration and absorption of parenteral fluids and drugs, in 
producing greater area and effectiveness of local infiltration anesthesia, in 
treating specific metabolic disorders, and in dispersing and enhancing diffusion 
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of traumatic and pathologie fluid collections. Several special uses require 
further study and several suggestions for possible uses are presented. 
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The Esophagus and Its Diseases. By Eddy D. Palmer, M.D. Pp. 553, with 95 illustrations. 
New York, 1952, Paul B. Hoeber, Inc. $15.00. 


Diseases of the Esophagus. By Philip Thorek, M.D. Pp. 140, with 102 illustrations. Phila- 
delphia, 1952, J. B. Lippincott Co. $10.00. 


Surgery of the Esophagus. By R. H. Franklin, F.R.C.S. Pp. 222, with 86 illustrations. Bal- 
timore, 1952, Williams and Wilkins Company. $8.50. 


The appearance of three monographs on the esophagus in one year attests the grow- 
ing interest of many groups of specialists in the esophagus. The first of these three in- 
teresting books appears under the authorship of Eddy D. Palmer, Chief of the Gastro- 
intestinal Section at Walter Reed Hospital. The other two monographs are written by 
surgeons, Philip Thorek of Chicago and R. H. Franklin of London. 

There has been much new material to record concerning the esophagus since the pub- 
lication of V. Hacker and Lotheissen’s monograph on the Surgery of the Esophagus in 1926. 
In 1871, Billroth published his first experimental skirmishes with efforts at developing an 
operation for cancer of the esophagus. His pupil, Czerny, in 1877 was able to record suc- 
cessful performance of the procedure in man. It was not until 1913 that Franz Torek of 
New York succeeded in exteriorizing a cancer of the thoracic esophagus, a feat which was 
emulated by many surgeons all over the world, but an accompiishment which was not 
duplicated again for two decades. In the meanwhile, there had been sporadic successes re- 
ported with esophagogastric anastomoses for cancer of the gastric fundus. Just before 
World War II, a revival of interest among surgeons was occurring because of more fre- 
quent successes with the exteriorization operation of Torek. Then American surgeons 
stimulated by the brilliant successes of the Japanese surgeon Ohsawa began to explore 
excision and immediate restoration, which had proved so successful in the hands of Ohsawa. 
The rest is a familiar story. Most of the current operative procedures for cancer of the 
thoracic esophagus were well described by Kirschner in 1920. His lament over no suc- 
cesses to report was that he could not learn to do the operations in one hour! 

Surgery has moved on since that day. Yet, it would be difficult to credit any one item 
above another in the accomplishment. Improved knowledge, better anesthesia, elimination 
of the element of hurry, more adequate replacement of blood losses and keener pre- and 
postoperative treatment—these are the items which today spell success where only failure 
was the common experience in cancer of the esophagus when the monograph on Surgery 
of the Esophagus under the authorship of V. Hacker and Lotheissen appeared in 1926. This 
important development is well recorded in these monographs. 

Palmer does not discuss the details of surgical management of esophageal lesions, 
though he deals with their principles. His is the most pretentious of the three mono- 
graphs, and probably the most complete. Yet, a lack of ready familiarity with how 
surgeons deal with some of these disorders finds him endorsing the outmoded Gréndahl op- 
eration for megaesophagus. Yet, as a source book on diseases of the esophagus, more 
materials are likely to be found in it. 

The illustration of operative procedures is stressed in Thorek’s monograph and a good 
perspective of all the newer developments in knowledge of diseases of the esophagus is to 
be found therein. 
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A perusal of the monograph by Franklin suggests a ready, practical familiarity with 
the disorders of which he writes. One might reasonably have anticipated from a surgeon 
so experienced in esophageal lesions a few tables summarizing his experience with mega- 
esophagus, cancer, and other esophageal disorders. Only he, probably, of the three au- 
thors could have supplied such personal experience. All surgeons who affect an interest 
in the esophagus will find this a practical and valuable monograph. 

These three monographs on the esophagus, though differing widely in format and in 
the treatment of the subject matter, all reflect the growth of knowledge in this important 
field. Awareness of the susceptibility of the esophagus to injury by the regurgitation of 
acid-peptic juice is apparent in each of these monographs. Yet, ‘‘spontaneous perfora- 
tion’’ is still regarded by all of them as essentially a hydrostatic phenomenon. Those 
more familiar with the experimental demonstrations of the great sensitivity of the esopha- 
gus to injury by the digestive juices will be willing to allow, this reviewer believes, that 
in subsequent editions of these interesting monographs, or in books yet to be written upon 
the esophagus, the importance of acid-peptie juice in this occurrence will occasion spon- 
taneous perforation presently to be known as acid-peptic perforation of the esophagus. 


Tumors of the Central Nervous System. By James W. Kernohan. Atlas of Tumor Pathol- 
ogy. Published by the Armed Forces Institute of Pathology under the auspices of 
the Subcommittee on Oncology of the Committee on Pathology of the National Research 
Council, Washington, D. C., 1952. Price this vol., $.90. 


The present volume considers each variety of tumor affecting the brain and spinal cord 
in the following manner: A single preferred name of each tumor is given with a list of 
important synonyms. The tumor is defined and the principal characteristics are given. The 
incidence, natural history, manner of growth, and spread are mentioned, following which the 
gross and microscopic appearances are presented. The differented criteria are then followed 
by a selected but classical bibliography which stresses accessible references in the English 
language. The author presents this difficult material in a clear and concise manner. The 
grading of astrocytomas and ependymomas (1 to 4), according to malignancy, may be 
questioned in this atlas intended for graduate and undergraduate training in pathology, as 
this classification is not yet universally accredited. 

The illustrations are sharply reproduced as glossy prints and represent careful selection 
from a wealth of pathologic material. Sixty-five of the total 126 illustrations are of gross 
pathologic specimens. The author’s emphasis of gross pathology cannot be too highly 
commanded, as nowhere in the study of tumors are the gross characteristics and position of 
more importance than those which affect the central nervous system. 

Published in loose-leaf form, this Atlas of Tumors of the Central Nervous System 
is available from the American Registry of Pathology, Armed Forces Institute of Pathology, 
Washington, 25, D. C. Even more remarkable than the volume itself is the price (90 cents). 


Tumors of the Carotid Body and Related Structures. The Chemoreceptive System. By 
Philip M. LeCompte. Atlas of Tumor Pathology. Published by the Armed Forces 
Institute of Pathology under the auspices of the Subcommittee on Oncology of the 
Committee on Pathology of the National Research Council, Washington, D. C., 1952. 


The fascicle by LeCompte is excellently illustrated. Splendid diagrams showing the 
location of the chemoreceptor structures throughout the body are given. The author emphasizes 
that carotid bodies are not endocrine organs, that they are not chromaffinomas, and that 
they have nothing to do with the carotid sinus. Clinical manifestations and gross and 
microscopic descriptions are excellent. It is emphasized that, because of the relatively low 
degree of malignancy and because of the previously high mortality rate, most of these 
patients should not be operated upon. It is unfortunate that this statement is made, because 
the author apparently is not aware of the possibility of transplantaion of vessels which is 
so common in most institutions today and which has decreased the mortality and morbidity 
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rates considerably in those cases in which it becomes necessary to extirpate portions of the 
common and internal carotid. Aside from this one omission, which is understandable since 
the use of vessel grafts is so new, the work on tumors of the carotid body is excellent. 


Teratomas. By Dr. Rufus A. Willis. Atlas of Tumor Pathology. Published by the Armed 
Forces Institute of Pathology under the auspices of the Subcommittee on Oncology of 
the Committee on Pathology of the National Research Council, Washington, D. C., 1952. 


The fascicle on teratomas by Dr. Rufus A. Willis shows excellent work. As is typical 
of all the individual divisions of the Atlas of Twmor Pathology, it is profusely illustrated and 
the illustrations are of the highest order. The origin of teratomas is discussed at some length, 
the author being convinced that they are nonfetiform. The gross and microscopic descriptions 
of teratomas of the various sites and their prognosis are discussed also. This, as well as 
the other fascicles of the Atlas, should be in the library of every surgeon and pathologist. 


Tumors of the Lower Respiratory Tract. By Dr. Aberill A. Liebow. Atlas of Tumor 
Pathology. Published by the Armed Forces Institute of Pathology under the auspices 
of the Subcommittee on Oncology of the Committee on Pathology of the National 
Research Council, Washington, D. C., 1952. 


This is a very complete discussion of neoplasia of the lower respiratory tract with a 
consideration of the clinical, and a particularly excellent description of the pathologic, lesions 
which can involve this system. Photographs, both of the gross and microscopic specimens, 
are fittingly illustrative of the points brought out in the text. Atypical proliferation of the 
bronchial mucosa, as well as papillomas of the bronchi, is discussed in detail. Adenomas 
of the bronchus are also discussed in detail. The author takes exception to the suggestion 
of Womack and Graham that bronchial adenomas are mixed tumors developing from unde- 
veloped anlage of the lung. In the discussion of the treatment of these lesions, although local 
excision is mentioned, no mention is made of extirpation of the lung, and the implication is, 
although it is not stated as such, that this is not done in such cases. Bronchiolar carcinoma 
is discussed in detail and very adequately. Bronchogenic carcinoma, the most frequent tumor 
of the lower respiratory tract, is discussed in great detail both from the gross and microscopic 
standpoints. There is an excellent discussion of the cytologic examination of the sputum and 
the aspirated material from the bronchi, as well as a description of detection of malignant 
cells in pleural fluid. Other tumors of the bronchi, particularly benign vascular tumors and 
benign intrabronchial tumors, fibroma, lipoma, and chondroma, are discussed. Benign and 
malignant parenchymal tumors, lymphosarcomas, as well as those of developmental origin, the 
hamartomas, are discussed. There is also discussion of differential diagnosis of lung tumors 
and a discussion of the metastatic tumors. Tumors of the pleura and diaphragm are discussed 
briefly. This is an excellent monograph and should be in the hands of all individuals interested 
in thoracic disease, whether they are pathologists, internists, or surgeons. 


Tumors of the Parathyroid Gland. By Benjamin Castleman. Atlas of Tumor Pathology. 
Published by the Armed Forces Institute of Pathology under the auspices of the 
Subcommittee on Oncology of the Committee on Pathology of the National Research 


Council, Washington, D. C., 1952. 


This monograph is excellent. It comes from the Massachusetts General Hospital where 
more patients with parathyroid tumors have been treated than anywhere else, and it is based 
upon extensive clinical and pathologic material. The normal parathyroids and their normal 
functions are discussed in detail. The clinical picture of primary hyperparathyroidism is 
discussed with its systemic manifestations. The changes in the bone and in the kidney are 
discussed at length. The growth of parathyroid adenoma and its microscopic characteristics 
and their location in various parts of the body are described by work and by illustration. 
Blood chemistry changes which occur in such cases are demonstrated by illustrative case 
reports. Although carcinoma of the parathyroid is relatively rare, it is occasionally a cause 
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of hyperparathyroidism. This condition is discussed in detail both from a clinical and a 
pathologic manifestation as well, as are primary hyperplasia and primary hypertrophy. 
Secondary hyperparathyroidism is discussed briefly. This is associated with chronic renal 
insufficiency. 


Emergency Surgery, Vols. I, II, III, and IV. By Hamilton Bailey, F.R.C.S. (Eng.), F.A.C.S., 
F.L.C.S., F.R.S.E., Emeritus Surgeon, Royal Northern Hospital, London; Senior Surgeon, 
St. Vincent’s Clinic; Surgeon, the Italian Hospital and Consolation Hospital, Lambeth; 
Generai Surgeon, Metropolitan Ear, Nose, and Throat Hospital. Pp. 750, with 1,171 
illustrations. Baltimore, 1952, Williams and Wilkins Company. $25.00 for five vol- 
umes. 


To the surgeon or practitioner who is occasionally confronted with a problem in 
emergency surgery, these thin volumes present a wealth of practical suggestions for coping 
with a wide variety of difficult situations. 

The general principles of diagnosis and treatment are sound and are clearly presented. 
What makes the work unique is the profusion of ideas for improvising needed equipment 
from the materials at hand and the illustrative anecdotes taken from the author’s prac- 
tice. After reading these books, one can see in his mind’s eye the general plan of thought 
which can be applied in any specific emergency. Perhaps the best recommendation of all 
the books can be read with sustained interest and enjoyment while, at the same time, the 
reader is obtaining useful information. There are criticisms. The implantation of sulfon- 
amides locally in wounds is no longer considered to be a good practice. Only British drugs 
are named, and the corresponding American products are not listed. The frequent use of 
colored pictures adds to the expense of the work without, in many cases, contributing more 
information than ordinary photographs. Nevertheless, the material presented should ap- 
peal to surgeons and practitioners generally. 
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(Woodhall), 886 
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Carcinoma—Cont’d 


relation of pancreas to blood coagulation 
(Storer and Kazdan), 683 
Cardiac arrest, hypercapnia—abetting fac- 
tor in (Campbell), 915 (£.) 
surgery, new instruments for (Dogliotti 
and Guglielmini), 639 
Cardiovascular system, effect of cortisone on 
healing of wounds in (Muller et 
al.), 399 
Carotid body and related structures, tumors 
of, 944 (B. Rev.) 
Cavernous hemangioma 
(Maurer), 556 
Cell suspension transfusions; specific trans- 
fusion therapy (Smith et al.), 525 
Cervical intracarotid pressure studies: their 
significance in management of in- 
tracranial aneurysms (Johnson), 537 
Chemoreceptive system; tumors of carotid 
body and related structures, 944 (B. 


of mediastinum 


Rev.) 

Chest, handbook of operative surgery of, 478 
(B. Rev.) 

Chirurgie du rein en fer & cheval, 795 (B. 
Rev.) 


Chloromycetin, Aureomycin, terramycin, and 
procaine penicillin, influence of, on 
mortality of experimental peritonitis 
(Barbieri et al.), 83 

Cholangiography, obturation of duodenum as 
aid in (Miller et al.), 60 

Cholangiojejunostomy, intrahepatic (Hanson 
and MecCullock), 126 


Cholecystitis, chronic, with superimposed 
acute cholecystitis (Halpert), 444 
(£.) 


Chronic cholecystitis with superimposed acute 
cholecystitis (Halpert), 444 (2£.) 
Circulation, afferent hepatic, effects of tem- 
porary occlusion of, in dogs (Raf- 
fucci), 342 
collateral arterial, growth of, in sympathec- 
tomized arteriosclerotic leg—oscil- 
lometric study (Atlas), 268 
intrahepatic arterial, studies on (Glauser), 
333 
pulmonary, perfusion of, by nonpulsatile 
flow (Wesolowski et al.), 370 
Cirrhosis, advanced periportal, ligation of 
hepatic and splenic arteries for 
(Witter and First), 663 
Citrated blood, relationship of bleeding and 
clotting times to massive transfu- 
sions of (Mayer), 79 
Clamp, modified Potts bulldog, for use in 
portacaval shunts (Jahnke et al.), 
48 
new instruments for cardiac surgery (Dog- 
liotti and Guglielmini), 639 
Clostridia; further studies on role of bacteria 
in death from acute pancreatitis in 
dogs (Schweinburg et al.), 367 
Clotting and bleeding times, relationship of, 
to massive transfusions of citrated 
blood (Mayer), 79 
Coagulation, blood, relation of pancreas to 
(Storer and Kazdan), 683 
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Coarctation of aorta; autogenous aortic 
grafts fashioned from smaller 
artery (Potts et al.), 518 
paralysis following surgical correction of 
(Beattie et al.), 754 
Colon, distal, and rectum, visceral metastases 
from carcinoma of (Bacon and Jack- 
son), 495 
sigmoid, repeated surgical attack on car- 
cinoma of (Moore), 761 
surgical treatment of sigmoid diverticulitis 
(Lewis and Hurwitz), 481 
diverticula; duodenal diverticula 
(Chitambar), 778 
Colostomy; surgical treatment of sigmoid di- 
verticulitis (Lewis and Hurwitz), 
481 
Congenital deformities; intestinal atresia in 
identical twins (Lewis), 121 
diaphragm of jejunum, excision of, with 
report of successful case (McGarity 
and Akin), 425 


Colonie 


diverticulum of left ventricle (Potts et 
al.), 301 
eviscerations; gastroschisis (Moore and 


Stokes), 112 

Cortisone, effect of, on 
cardiovascular 
al.), 399 

effects of, on aortic 
al.), 827 
study of influence of adrenal steroids on 

strength of healing wounds (Mead- 
ows and Prudden), 841 

Cranial and intracranial suppuration, treat- 
ment of, with reference to local and 
systemic use of bacitracin (Teng 
and Meleney), 321 

Craniotomy wounds; treatment of intra- 
cranial and cranial suppuration with 
reference to local and systemic use 
of bacitracin (Teng and Meleney), 
321 

Cutaneous lesion; surgical aspects of blasto- 
mycosis (Levitas and Baum), 93 

Cystic carcinoma of breast, adenoid (Mc- 
Lellan et al.), 905 


healing of wounds in 
system (Muller et 


grafts (Barberio et 


D 


Degenerative change; experimental vascular 
grafts: evaluation relating to types, 
means of preservation, and methods 
of suture in growing pig (Sauvage 
and Harkins), 603 

Desoxycorticosterone; study of influence of 
adrenal steroids on strength of heal- 
ing wounds (Meadows and Prud- 
den), 842 

Diabetes; some aspects of ‘‘senile’’ gangrene 
(Lehman and Figueira), 28 

Diaphragm of jejunum, congenital, excision 
of, with report of successful case 
(McGarity and Akin), 425 

Dilatation; experimental vascular grafts: 
evaluation relating to types, means 
of preservation, and methods of su- 
ture in growing pig (Sauvage and 
Harkins), 615 
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Diodrast, Thorotrast, and sodium iodide, in- 
tra-arterial, actions of, on peripheral 
pulse volume of lower extremity 
(Jepson and Simeone), 276 


Dise, intervertebral; spinal complications fol- 
lowing lumbar puncture (Redo), 690 
Dissections; radical groin surgery with par- 
ticular reference to postoperative 
healing (Woodhall), 886 
Diverticula, duodenal (Chitambar), 768 
pharyngeal pulsion, transverse incision in 
(Perzik), 544 
Diverticulitis, sigmoid surgical treatment of 
(Lewis and Hurwitz), 481 
Diverticulum, congenital, of left ventricle 
(Potts et al.), 301 
actions of intra-arterial Diodrast, 
Thorotrast, and sodium iodide on 
peripheral pulse volume of lower ex- 
tremity (Jepson and Simeone), 276 
autologous tissue tubes for aortic grafts in 
(Peirce), 648 
closure of atrial septal defects with aid 
of hypothermia; experimental accom- 
plishments and report of one _ suc- 
cessful case (Lewis and Taufic), 52 
critical study of present criteria governing 
selection and use of blood vessel 
grafts (Deterling et al.), 214 
effect of cortisone on healing of wounds in 
cardiovascular system (Muller et 
al.), 400 
effects of temporary occlusion of afferent 
hepatic circulation in (Raffucci), 
342 
fluorescein test for intraperitoneal rupture 
of urinary bladder (Cipolla et al.), 
103 
further studies on role of bacteria in death 
from acute pancreatitis in (Schwein- 
burg et al.), 367 
gastric pouch, experiments on—antral 
phase of gastric secretion before 
and after vagotomy (Ferguson), 352 
influence of diameter disproportion and of 
length on incidence of complications 
in autogenous venous grafts in ab- 
dominal aorta (Schmitz et al.), 190 
of parenteral Aureomycin, Chloromycetin, 
terramycin, and procaine penicillin 
on mortality of experimental peri- 
tonitis (Barbieri et al.), 83 
limitations in clinical use of Banthine in 
peptic ulcer (Rauch and Bieter), 21 
method for complete drainage of superior 
and inferior venae cavae into extra- 
corporeal circuits (Helmsworth et 
al.) , 835 
nonsuture aortic shunt 
(Izant et al.), 233 
paralysis following surgical correction of 
coarctation of aorta (Beattie et al.), 
754 
perfusion of pulmonary circulation by non- 
pulsatile flow (Wesolowski et al.), 
370 


Dogs; 





experimental study 


. 
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Dogs—Cont’d 
recanalization of vena cava (Miles and 
Young), 850 
reduction of peripheral arterial pulse, by 
spasm of large arteries (Alexander 
and Kantrowitz), 42 
some effects of cortisone on aortic grafts 
(Barberio et al.), 827 
surgical treatment of mitral insufficiency 
(Henderson and Law), 858 
unsuitability of transventricular autogenous 
slings for diminishing valvular in- 
sufficiency (Moore and Shumacker), 
173 
Drainage, complete, of superior and inferior 
venae cavae into extracorporeal cir- 
cuits, method for (Helmsworth et 
al.), 835 
Duodenal diverticula (Chitambar), 768 
intubation (Devine and Devine), 513 
obstruction; annular pancreas (Moore), 
138 
ulcer and gastric carcinoma, coexistence of 
(Magovern et al.), 421 
evaluation of Billroth I operation for 
peptic ulcer (Wallensten and Géth- 
man), 2 
Duodenojejunostomy ; 
(Moore), 139 
Duodenum, obturation of, as aid in cholangi- 
ography (Miller et al.), 60 
pyloroduodenum and gastric resection 
(Macdonald), 394 


annular pancreas 


E 


ruptured, and intrauterine preg- 

nancy, simultaneous (Kazmann and 

Barnett), 391 

Editorials, 131, 134, 315, 444, 766, 915 

Embolectomy; comprehensive surgical man- 
agement of aortic saddle emboli 
(Lord and Burke), 294 

Emboli, aortic saddle, comprehensive surgical 
management of (Lord and Burke), 
294 

Embolism, air; closure of atrial septal de- 
fects with aid of hypothermia; ex- 
perimental accomplishments and _ re- 
port of one successful case (Lewis 
and Taufic), 54 

Emergency surgery, 946 (B. Rev.) 

Enzyme inhibitors, prevention of pancreatic 
fat necrosis by (Popper and Nech- 
eles), 896 

Enzymes; clinical uses of hyaluronidase 
(Britton and Habif), 917 

Epididymis, adenomatoid tumors of (Rapo- 
port and Morgan), 737 

Epidural analgesia for sympathetic block, ex- 
periences with (Thistlethwaite et 
al.), 818 

Erythroblastotic newborn, strangulated trans- 

mesenteric hernia in (May and 


Ectopic, 


Brintnall), 312 
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Ksophageal varices, emergency treatment of 
massive bleeding from, by transeso- 
phageal suture of these vessels at 
time of acute hemorrhage (Linton 
and Warren), 243 

nature of bleeding in (Wagenknecht et 
al.), 869 

Esophagectomy, more rapid operative tech- 
nique for (Mikkelsen and Rogers), 
792 

Esophagus and its diseases, 943 (B. Rev.) 

diseases of, 943 (B. Rev.) 

rupture of, by compressed air (Kerr et 
al.), 417 

surgery of, 943 (B. Rev.) 

treatment of carcinoma of, by radiation 
therapy and surgery (Cliffton and 
Blansfield), 748 

Ether anesthesia; Frank H. Hamilton, M.D. 
(MacCallum and Adams), 469 

EXxophthalmos, experimental, effect of hyalu- 
ronidase on (Nuzum), 550 

Exposure method in treatment of severe sec- 
ond and third degree burns (Rous- 
selot et al.), 673 

Extracorporeal circuits, method for complete 
drainage of superior and inferior 
venae cavae into (Helmsworth et 
al.), 835 


F 


Fallot, tetralogy of; anatomy of pulmonary 

stenosis and atresia with comments 

on surgical therapy (Johns et al.), 

161 

tetralogy; new instruments for car- 

diae surgery (Dogliotti and Gugliel- 

mini), 639 

Fibrillation, ventricular; closure of septal de- 
fects with aid of hypothermia; ex- 
perimental accomplishments and re- 
port of one successful case (Lewis 
and Taufic), 52 

Fistula, spontaneous, of abdominal wall with 
chronic pancreatitis, abscess forma- 
tion, and ealeuli (Vaughn and Hob- 
bins), 881 

Fluid balance: clinical manual, 318 (B. Rev.) 

Fluorescein test for intraperitoneal rupture 
of urinary bladder (Cipolla et al.), 
102 

Fractures; Frank H. Hamilton, M.D. (Mac- 
Callum and Adams), 471 

impact of Réntgen’s discovery upon treat- 

ment of (Peltier), 579 

Frostbite, role of sympathectomy in treat- 
ment of (Isaacson and Harrell), 810 

Fructose, studies in utilization of, adminis- 
tered intravenously in man (Beal et 
al.), 721 


Fallot’s 


G 


Gallstone formation; clinical uses of hyalu- 
ronidase (Britton and Habif), 925 

Ganglionectomy; role of sympathectomy in 
treatment of frostbite (Isaacson and 
Harrell), 810 
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Gangrene; evaluation of lumbar sympathec- 
tomy in two hundred consecutive 
eases of peripheral vascular disor- 
ders (Kirtley et al.), 258 

progressive bacterial synergistic (Brown et 
al.), 407 

role of sympathectomy in treatment of 
frostbite (Isaacson and Harrell), 
810 

‘*senile,’’ some aspects of (Lehman and 
Figueira), 28 

survey of intestinal obstruction (Gregg 
506 

Gastrectomy, partial; evaluation of Billroth 
I operation for peptic ulcer (Wallen- 
sten and Géthman), 1 

polyps and adenomas of stomach (Hay), 

446 

carcinoma and duodenal ulcer, 

existence of (Magovern et al.), 421 

resection and pyloroduodenum (Macdon- 
ald), 394 

secretion, antral phase of, before and after 
vagotomy—experiments on gastric 
pouch dogs (Ferguson), 352 

ulcer; evaluation of Billroth I operation 
for peptic ulcer (Wallensten and 
Géthman), 2 

Gastrointestinal disease; duodenal diverticula 

(Chitambar), 768 

motility, effect of N-allylnormorphine on 
(Beal and Schapiro), 65 

tract; carcinoid tumors of rectum (Haynes 
et al.), 567 

Gastroschisis (Moore and Stokes), 112 

Genitourinary surgery, atlas of, 320 (B. Rev.) 

Glucose; studies in utilization of fructose ad- 


), 


Gastric ¢O- 


ministered intravenously in man 
(Beal et al.), 721 
Grafts, aortic, in dogs, autologous tissue 
tubes for (Peirce), 648 
some effects of cortisone on (Barberio 


et al.), 827 
autogenous aortic, fashioned from smaller 
artery (Potts et al.), 518 
venous, in abdominal aorta, influence of 
diameter disproportion and of length 
on incidence of complications in 
(Schmitz et al.), 190 
blood vessel, critical study of present eri- 
teria governing selection and use of 
(Deterling et al.), 213 
experimental vascular: evaluation relating 
to types, means of preservation, and 
methods of suture in growing pig 
(Sauvage and Harkins), 587 
homologous arterial, and autogenous vein 
grafts used to bridge large arterial 
defects in man (Cooke), 183 
surgical treatment of mitral insufficiency 
(Henderson and Law), 858 
vein, in thoracic aorta, aneurysm formation 
in experimental (Johnson et al.), 
207 
Groin surgery, radical, with particular refer- 
ence to postoperative healing (Wood 
hall), 886 
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Guinea pigs; effect of hyaluronidase on ex- 
perimental exophthalmos (Nuzum), 
550 

Gundriss der traumatischen peripheren Nerv- 
enschadigungen, 319 (B. Rev.) 

Gynecology and obstetrics; clinical uses of 
hyaluronidase (Britton and Habif), 
935 

surgical: handbook of operative surgery, 

478 (B. Rev.) 


H 


Hamilton, Frank H., M.D. (MacCallum and 
Adams), 468 
Hemangioma, cavernous, 
(Maurer), 556 
Hemimandible, stainless steel mesh prosthesis 
for immediate replacement of (Attie 
et al.), 712 
Hemorrhage, acute, emergency treatment of 
massive bleeding from esophageal 
varices by transesophageal suture of 
these vessels at time of (Linton and 
Warren), 243 
Hemorrhagic shock; review of some recent 
advances in study of shock (Kise- 
man), 149 
Heparin; comprehensive surgical management 
of aortic saddle emboli (Lord and 
Burke), 295 
Hepatectomy, partial, for 
cinoma of liver 
Quarrier), 431 
Hepatic and splenic arteries, ligation of, for 
advanced periportal cirrhosis (Witter 
and First), 663 
circulation, afferent, effects of temporary 
occlusion of, in dogs (Raffucei), 342 
duodenal (Chitambar), 
778 
strangulated transmesenteric, in erythro- 
blastotic newborn (May and Brint- 
nall), 312 
survey of intestinal obstruction (Gregg), 
506 
Hirndurchblutungsstérungen, 797 (B. Rev.) 
Histamine-provoked ulcer in dogs; limitations 
in clinical use of Banthine in peptic 
ulcer (Rauch and Bieter), 21 
Homografts; experimental vascular grafts: 
evaluation relating to types, means 
of preservation, and methods of su- 
ture in growing pig (Sauvage and 
Harkins), 588 
Homologous arterial grafts and autogenous 
vein grafts used to bridge large ar- 
terial defects in man (Cooke), 183 
Hyaluronidase, clinical uses of (Britton and 
Habif), 917 
effect of, on experimental exophthalmos 
(Nuzum), 550 
Hydrochloric acid secretion of stomach, hypo- 
thalamic influences on (Porter et 
al.), 875 


of mediastinum 


ear- 
and 


metastatic 
(Sarokhan 


Hernia; diverticula 





| 


| 








959 


Hypercapnia—abetting factor in cardiac ar- 
rest (Campbell), 915 (.) 
Hypertension, portal; ligation of hepatic and 
splenic arteries for advanced peri- 
portal cirrhosis (Witter and First), 
663 

Hypodermoclysis; clinical uses of hyaluroni- 
dase (Britton and Habif), 920 

Hypothalamic influences on hydrochloric acid 
secretion of stomach (Porter et al.), 
875 

Hypothermia, closure of atrial septal defects 
with aid of; experimental accom- 
plishments and report of one suc- 
cessful case (Lewis and Taufic), 52 


I 


Ileum, intussusception of, through persistent 
omphalomesenteric duct; gastroschi- 
sis (Moore and Stokes), 113 
Infection; clinical uses of hyaluronidase 
(Britton and Habif), 919 
Infundibular stenosis; anatomy of pulmonary 
stenosis and atresia with comments 
on surgical therapy (Johns et al.), 
162 
Innominate artery aneurysm treated by re- 
section and end-to-end anastomosis 
(Kirby and Johnson), 562 
Intervertebral disc; spinal complications fol- 
lowing lumbar puncture (Redo), 690 
Intestinal atresia in identical twins (Lewis), 
121 
obstruction, survey of (Gregg), 506 
Intra-arterial Diodrast, Thorotrast, and_so- 
dium iodide, actions of, on periph- 
eral pulse volume of lower extremity 
(Jepson and Simeone), 276 
Intracarotid pressure studies, cervical: their 
significance in management of intra- 
cranial aneurysms (Johnson), 537 
Intracranial and cranial suppuration, treat- 
ment of, with reference to local and 
systemic use of bacitracin (Teng 
and Meleney), 321 
aneurysms, 638 (B. Rev.) 
cervical intracarotid pressure studies: 
their significance in management of 
(Johnson), 537 
Intrahepatie arterial circulation, studies on 
(Glauser), 333 
cholangiojejunostomy (Hanson and McCul- 
lock), 126 
Intraperitoneal rupture of urinary bladder, 
fluorescein test for (Cipolla), 102 
Intrauterine and ruptured ectopic pregnancy, 
simultaneous (Kazmann and Bar- 
nett), 391 
Intravenously administered fructose, studies 
in utilization of, in man (Beal et 
al.), 721 
Intubation, duodenal (Devine and Devine), 
513 
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Intussusception of ileum through persistent | Lymph 


omphalomesenteric duct; gastroschi- 
sis (Moore and Stokes), 113 

Invert sugar; studies in utilization of fruc- 
tose administered intravenously in 
man (Beal et al.), 721 


J 


Jaundice; annular pancreas (Moore), 138 

Jejunum, excision of congenital diaphragm 
of, with report of successful case 
(McGarity and Akin), 425 


L 


Laenneec’s cirrhosis; ligation of hepatic and 
splenic arteries for advanced peri- 
portal cirrhosis (Witter and First), 
663 


Leg, sympathectomized arteriosclerotic, 
growth of collateral arterial circula- 
tion in—oscillometric study (Atlas), 
268 

Lesions, cutaneous and visceral; surgical as- 


pects of blastomycosis (Levitas and 
Baum), 93 
Ligation; cervical intracarotid pressure 
studies: their significance in man- 
agement of intracranial aneurysms 
(Johnson), 537 
of hepatic and splenic arteries for ad- 
vanced periportal cirrhosis (Witter 
and First), 663 
recanalization of vena cava (Miles and 
Young), 849 
Lingual thyroidectomy: improved technique 
(Bigger and Van Slyke), 128 
Liposarcoma; simultaneous occurrence of von 
Recklinghausen’s neurofibromatosis 
and osteitis fibrosa cystica (Clark 
and Mathews), 434 
Liver, arterial anastomoses of (Glauser), 333 
failure; emergency treatment of massive 
bleeding from esophageal varices by 
transesophageal suture of these ves- 
sels at time of acute hemorrhage 
(Linton and Warren), 243 
hepatectomy for metastatic car- 
cinoma of (Sarokhan and Quarrier), 
431 
Lobotomy, frontal, and 
795 (B. Rev.) 
Lumbar puncture, spinal complications fol- 
lowing (Redo), 690 
sympathectomy, evaluation of, in two hun- 
dred consecutive cases of peripheral 
vascular disorders (Kirtley et al.), 
256 
prediction of effect of, on skin tempera- 
ture of lower extremity in patients 
with obliterative arterial disease 
(Cranley et al.), 799 
Lumen, resection with preservation of: ab- 
dominal aortic aneurysm (Barnes 
and Yeager), 658 


partial 


affective behavior, 
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plexus, subareolar, surgical signifi- 
ance of, in cancer of breast (Grant 
et al.), 71 


M 
of 


Malignancy; carcinoid tumors rectum 
(Haynes et al.), 568 

Malpractice suits; impact of Réntgen’s dis- 
covery upon treatment of fractures 
(Peltier), 581 

Mandible, resection of; stainless steel mesh 
prosthesis for immediate replacement 
of hemimandible (Attie et al.), 712 

Manometer; ligation of hepatic and splenic 
arteries for advanced periportal cir- 
rhosis (Witter and First), 664 

Mastectomy, radical; surgical significance of 
subareolar lymph plexus in cancer 
of breast (Grant et al.), 71 

Mediastinum, cavernous hemangioma of 
(Maurer), 556 

Meningitis; treatment of intracranial and 
cranial suppuration with reference 
to local and systemic use of baci- 
tracin (Teng and Meleney), 321 

Mental health, battle for, 637 (B. Rev.) 

Metastases, visceral, from carcinoma of distal 
colon and reetum (Bacon and Jack- 
son), 495 

Metastatic carcinoma of liver, partial hepa- 
tectomy for (Sarokhan and Quar- 
rier), 431 

tumors in breast (Charache), 385 

Miller-Abbott tube, ‘‘ obstructed’’ (Sims and 
Schaff) , 516 

Mineral oil as preservative; experimental vas- 

cular grafts: evaluation relating to 

types, means of preservation, and 

methods of suture in growing pig 

(Sauvage and Harkins), 589 

insufficiency, surgical treatment of 

(Henderson and Law), 858 

stenosis; new instruments for cardiac sur- 

gery (Dogiiotti and Guglielmini), 
639 

Monkeys; hypothalamic influences on hydro- 
chlorie acid secretions of stomach 
(Porter et al.), 875 

Morphine and other narcotics in surgical pa- 
tients, clinical experiences in use 
of N-allylnormorphine (Nalline) as 
antagonist to (Adriani and Kerr), 
731 

Motility, gastrointestinal, effect 
normorphine on (Beal 
piro), 65 


Mitral 


of N-allyl- 
and Scha- 


N 


Nalline (N-allylnormorphine), clinical experi- 
ences in use of, as antagonist to 
morphine and other narcotics in sur- 
gical patients (Adriani and Kerr), 
731 

N-allylnormorphine, effect of, on gastrointes- 
tinal motility (Beal and Schapiro), 
65 
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N-allylnormorphine—Cont ’d 
(Nalline), clinical experiences in use of, 

as antagonist to morphine and other 
narcotics in surgical patients 
(Adriani and Kerr), 731 

Narcotics, other, morphine and, in surgical 
patients, clinical experiences in use 
of N-allylnormorphine (Nalline) as 
antagonist to (Adriani and Kerr), 
731 

Neck, teratoma of, apparently arising in thy- 
roid (Perkins and Pautler), 742 

Necrosis, pancreatic fat, prevention of, by 
enzyme inhibitors (Popper and 
Necheles), 896 

radical groin surgery with particular refer- 

ence to postoperative healing (Wood- 
hall), 886 

Nervenschiidigungen, traumatischen periph- 
eren, Gundriss der, 319 (B. Rev.) 

Nervous system, central, tumors of, 944 (B. 
Rev.) 

Neurofibromatosis, von Recklinghausen’s, and 


osteitis fibrosa cystica, simultaneous | 


occurrence of (Clark and Mathews), 
434 

Neurological surgery, history and develop- 
ment of, 798 (B. Rev.) 

Neurosurgery—historical sketch, 798 (B. 
Rev.) 

Newborn, erythroblastotic, strangulated trans 
mesenteric hernia in (May and 
Brintnall), 312 


report of case of agenesia of anterior ab- 


dominal wall with repair (Brezin 
and Mayer), 901 
teratoma of neck apparently arising in thy- 
roid (Perkins and Pautler), 742 
Nonsuture aortic shunt—experimental study 
(Izant et al.), 233 


O 


Obliterans, thromboangiitis and arteriosclero- 
sis; evaluation of lumbar sympa- 
thectomy in two hundred consecutive 
eases of peripheral vascular dis- 
orders (Kirtley et al.), 259 

Obliterative arterial disease, prediction of ef- 
fect of lumbar sympathectomy on 
skin temperature of lower extremity 
in patients with (Cranley et al.), 
799 

Obstetrics and gynecology; clinical uses of 
hyaluronidase (Britton and Habif), 
935 

‘¢Obstructed’’ Miller-Abbott tube (Sims and 
Schaff), 516 

Obstruction, intestinal, survey of (Gregg), 
506 

Obturation of duodenum as aid in cholangi- 
ography (Miller et al.), 60 

Occlusion, temporary, of afferent hepatic cir- 
culation, effects of, in dogs (Raf- 
fucci), 342 
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Omphalocele: gastroschisis (Moore and 


Stokes), 112 

Operating table, satisfactory, for use in ex- 
perimental surgery (Hoag and Mer- 
endino), 107 

Ophthalmology; clinical uses of hyaluronidase 
(Britton and Habif), 932 

Orthopedie surgery; clinical uses of hyalu- 
ronidase (Britton and Habif), 928 


Oscillometrie study—growth of collateral ar- 
terial circulation in sympathecto- 
mized arteriosclerotic leg (Atlas), 
268 
fibrosa cystica and von Reckling- 
hausen’s neurofibromatosis, simul- 
taneous occurrence of (Clark and 
Mathews), 434 
Osteomyelitis; spinal complications following 
lumbar puncture (Redo), 690 
Otorhinolaryngology; clinical uses of hyalu- 
ronidase (Britton and Habif), 936 


Osteitis 


P 


Pancreas, annular (Moore), 138 
relation of, to blood coagulation (Storer 
and Kazdan), 683 
Pancreatic fat necrosis, prevention of, by en- 
zyme inhibitors (Popper and Nech- 
eles), 896 
Pancreatitis, acute, in dogs, further studies 
on role of bacteria in death from 
(Schweinburg et al.), 367 
annular pancreas (Moore), 141 
chronic, abscess formation, and calculi, 
spontaneous fistula of abdominal 
wall with (Vaughn and Hobbins), 
881 
experiences with epidural analgesia for 
sympathetic block (Thistlethwaite et 
al.), 819 
Paralysis following surgical correction of co- 
arctation of aorta (Beattie et al.), 
754 
Parathyroid gland, tumors of, 945 (B. Rev.) 
Parenteral Aureomycin, Chloromycetin, terra- 
mycin, and procaine penicillin, in- 
fluence of, on mortality of experi- 
mental peritonitis (Barbieri et al.), 
83 
Pediatric surgery, place of, in surgical train- 
ing (Koop), 766 (£.) 
Peptic ulcer; duodenal diverticula (Chitam- 
bar), 770 
evaluation of Billroth I operation for 
(Wallensten and Géthman), 1 
limitations in clinical use of Banthine in 
(Rauch and Bieter), 21 
Pericardium, transplanted; surgical treat- 
ment of mitral insufficiency (Hen- 
derson and Law), 858 
Peripheral arterial pulse, reduction of, by 
spasm of large arteries (Alexander 
and Kantrowitz), 42 
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Peripheral—Cont ’d 
vascular disease; some aspects of ‘‘senile’ 
gangrene (Lehman and Figueira), 
28 
disorders, evaluation of lumbar sympa- 
theetomy in two hundred consecutive 
eases of (Kirtley et al.), 256 
Periportal cirrhosis, advanced, ligation of he- 
patic and _ splenic arteries for 
(Witter and First), 663 
Peritoneal adhesions; clinical uses of hyalu- 
ronidase (Britton and Habif), 924 
Peritonitis, experimental, influence of paren- 
teral Aureomyecin, Chloromycetin, 
terramycin, and procaine penicillin 
on mortality of (Barbieri et al.), 83 
Pharyngeal pulsion diverticula, transverse in- 
cision in (Perzik), 544 
Pheochromocytoma and general practitioner, 
796 (B. Rev.) 
Physiologie effects of wounds, 636 (B. Rev.) 
Pig, growing, experimental vascular grafts: 
evaluation relating to types, means 
of preservation, and methods of su- 
ture in (Sauvage and Harkins), 587 
aneurysm formation in experimental 
vein grafts in thoracic aorta (John- 
son et al.), 207 
influence of diameter disproportion and of 
length on incidence of complications 
in autogenous venous grafts in ab- 
dominal aorta (Schmitz et al.), 190 
Plasma; specific transfusion therapy (Smith 
et al.), 525 
Plastic surgery; clinical uses of hyaluronidase 
(Britton and Habif), 928 
Plexus, subareolar lymph, in cancer of breast, 
surgical significance of (Grant et 
al.), 71 
Pneumoencephalogram, 
Rev.) 
Polyethylene tube; autologous tissue tubes 
for aortic grafts in dogs (Peirce), 
648 
Polyps and adenomas of stomach (Hay), 446 
Popliteal aneurysms, analysis and follow-up 
study of one hundred (Gifford et 
al.), 284 
Portacaval shunts, modified Potts bulldog 
clamp for use in (Jahnke et al.), 48 
Portal hypertension; ligation of hepatie and 
splenic arteries for advanced peri- 
portal cirrhosis (Witter and First), 
663 
Postgraduate lectures, 478 (B. Rev.) 
Postoperative care (Casberg), 315 (£.) 
Potts bulldog, clamp, modified, for use in 
portacaval shunts (Jahnke et al.), 
48 
operation; new instruments for cardiac 
surgery (Dogliotti and Guglielmini), 
639 
Pregnancy, simultaneous ruptured ectopic and 
intrauterine (Kazmann and _ Bar- 
nett), 391 
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abnormal, 319 (B. 


SUBJECT INDEX 















Procaine penicillin, Aureomycin, Chloromyce- 
tin, and terramycin, influence of, on 
mortality of experimental peritonitis 
(Barbieri et al.), 83 

Prostatic cancer (Hudson and Finkle), 308 

Prosthesis, stainless steel mesh, for immediate 
replacement of hemimandible (Attie 
et al.), 712 

Psychosurgical problems, 318 (B. Rev.) 

Pudendal plexus block anesthesia; prostatic 
gland (Hudson and Finkle), 308 

Pulmonary circulation, perfusion of, by non- 
pulsatile flow (Wesolowski et al.), 
370 

stenosis and atresia, anatomy of, with com- 
ments on surgical therapy (Johns et 
al.), 161 

Pulse, peripheral arterial, reduction of, by 
spasm of large arteries (Alexander 
and Kantrowitz), 42 

volume, peripheral, of lower extremity, ac- 
tions of intra-arterial Diodrast, 
Thorotrast, and sodium iodide 
(Jepson and Simeone), 276 

Puncture, lumbar, spinal complications fol- 
lowing (Redo), 690 

Pyloroduodenum and gastric resection 
donald), 394 


on 


(Mae- 


Q 


Quinine; prevention of pancreatic fat necro- 
sis by enzyme inhibitors (Popper 
and Necheles), 896 


R 


Rabbits, effect of cortisone on healing of 
wounds in cardiovascular system 
(Muller et al.) , 399 
Radiation therapy and surgery, treatment of 
carcinoma of esophagus by (Cliffton 
and Blansfield), 748 
roentgen rays and wound 
(Lawrence et al.), 377 
study of influence of adrenal steroids on 
strength of healing wounds (Mead- 
ows and Prudden), 842 
Reeanalization of vena cava 
Young), 849 
Rectum and distal colon, visceral metastases 
from carcinoma of (Bacon and 
Jackson), 495 
and sigmoid, carcinoma of, extending 
of resection for (Waite), 702 
‘arcinoid tumors of (Buchanan et al.), 
909 
(Haynes et al.), 567 
‘*Rectus-wick’’ operation in ascites (Crowe), 
898 
Reflex vasodilatation; prediction of effect of 
lumbar sympathectomy on skin tem- 
perature of lower extremity in pa- 
tients with obliterative arterial dis- 
ease (Cranley et al.), 800 


Rats; healing 


and 


(Miles 
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Removal of xyphoid process as aid in opera- 
tions on upper abdomen (Saint and 
Braslow), 361 

Resection and end-to-end anastomosis, in- 
nominate artery aneurysm treated 
by (Kirby and Johnson), 562 

for carcinoma of rectum and sigmoid, ex- 
tending zone of (Waite), 702 
gastric, and pyloroduodenum (Macdonald), 
394 
of colon; surgical treatment of sigmoid di- 
verticulitis (Lewis and Hurwitz), 
481 
of mandible; stainless steel mesh prosthesis 
for immediate replacement of hemi- 

mandible (Attie et al.), 712 

preservation of lumen: abdominal 

aortie aneurysm (Barnes and 

Yeager), 658 

Respiratory tract, lower, tumors of, 945 (B. 
Rev.) 

Retention, gastric; evaluation of Billroth I 

operation for peptic ulcer (Wallen- 

sten and Géthman), 8 

solution; experimental vascular 
grafts: evaluation relating to types, 
means of preservation, and methods 
of suture in growing pig (Sauvage 

and Harkins), 589 

Roentgen rays and wound healing (Lawrence 
et al.), 376 

Roentgenograms; impact of Réntgen’s dis- 
covery upon treatment of fractures 
(Peltier), 579 

Roéntgen’s discovery, impact of, upon treat- 
ment of fractures (Peltier), 579 

Rupture; experimental vascular grafts: eval- 
uation relating to types, means of 
preservation, and methods of suture 
in growing pig (Sauvage and Har- 
kins), 590 

intraperitoneal, of urinary bladder, fluo- 
rescein test for (Cipolla et al.), 102 


with 


Ringer ’s 


of esophagus by compressed air (Kerr et 
al.), 417 
Ruptured ectopic and intrauterine pregnancy, 
simultaneous (Kazmann and Bar- 
nett), 391 


Ss 


Saddle emboli, aortic, comprehensive surgical 
management of (Lord and Burke), 
294 

Sclerosis, aortic; critical study of present 
criteria governing selection and use 
of blood vessel grafts (Deterling et 
al.), 216 

Second and third degree burns, severe, ex- 
posure method in treatment of 


(Rousselot et al.), 673 
‘*Senile’’ gangrene, some aspects of (Leh- 
man and Figueira), 28 
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Septal defects, atrial, closure of, with aid of 
hypothermia; experimental accom- 
plishments and report of one suc- 
cessful case (Lewis and Taufic), 52 

Shock, review of some recent advances in 
study of (Eiseman), 149 

specific transfusion therapy (Smith et al.), 
532 

Shunt, nonsuture aortic—experimental study 

(Izant et al.), 233 

portacaval, modified Potts bulldog 

clamp for use in (Jahnke et al.), 48 


Sigmoid and rectum, carcinoma of, extending 
zone of resection for (Waite), 702 
colon, carcinoma of, repeated surgical at- 
tack on (Moore), 761 
diverticulitis, surgical treatment of (Lewis 
and Hurwitz), 481 
Skin temperature of lower extremity in pa- 
tients with obliterative arterial dis- 
“ase, prediction of effect of lumbar 


sympathectomy on (Cranley et al.), 
799 


Shunts, 


transventricular autogenous, unsuita- 

bility of, for diminishing valvular 

insufficiency (Moore and Shu- 

macker), 173 

Society for Vascular Surgery issue, 161-307 

Sodium iodide, Diodrast, and Thorotrast, ac- 
tions of, on peripheral pulse volume 
of lower extremity (Jepson and Sim- 
eone), 276 

Spasm of large arteries, reduction of periph- 
eral arterial pulse by (Alexander 
and Kantrowitz), 42 

Specialization versus general training (Leh- 
man), 134 

Spinal complications following lumbar punc- 
ture (Redo), 690 

Splenic and hepatic arteries, ligation of, for 
advanced periportal cirrhosis ( Wit- 
ter and First), 663 

artery; emergency treatment of massive 

bleeding from esophageal varices hy 
transesophageal suture of these ves- 
sels at time of acute hemorrhage 
(Linton and Warren), 244 

Spontaneous fistula of abdominal wall with 
chronie pancreatitis, abscess forma- 
tion, and ecaleuli (Vaughn and Hob- 
bins), 881 

Stainless steel mesh prosthesis for immediate 
replacement of hemimandible (Attie 
et al.), 712 

Steel, stainless, mesh prosthesis for immediate 
replacement of hemimandible (Attie 
et al.), 712 

Stenosis and atresia, pulmonary, anatomy of, 
with comments on surgical therapy 
(Johns et al.), 161 

experimental vascular grafts: evaluation 

relating to types, means of preserva- 

tion, and methods of suture in grow- 

ing pig (Sauvage and Harkins), 614 


Slings, 
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Stenosis—Cont ’d 
mitral; new instruments for cardiac sur- 
gery (Dogliotti and Guglielmini), 

639 

Steroids, adrenal, study of influence of, on 
strength of healing wounds (Mead- 
ows and Prudden), 841 

Stomach, hypothalamic influences on hydro- 
chloric acid secretions of (Porter et 
al.), 875 

polyps and adenomas of (Hay), 446 

Subareolar lymph plexus in cancer of breast, 
surgical significance of (Grant et 
al.), 71 

Sugar, invert; studies in utilization of fruc- 
tose administered intravenously in 
man (Beal et al.), 721 

Surgeon, pediatric; place of pediatric surgery 
in surgical training (Koop), 766 
(E.) 

Surgical aspects of blastomycosis (Levitas 
and Baum), 93 

training, place of pediatric surgery in 
(Koop), 766 (£.) 

Suture, evaluation relating to types, means 
of preservation, and methods of, in 
growing pig: experimental vascular 
grafts (Sauvage and Harkins), 587 

transesophageal, of vessels, and emergency 
treatment of massive bleeding from 
esophageal varices, at time of acute 
hemorrhage (Linton and Warren), 
243 

Sympathectomized arteriosclerotic leg, growth 
of collateral arterial circulation in— 
oscillometric study (Atlas), 268 

Sympathectomy, lumbar, evaluation of, in 
two hundred consecutive cases of 
peripheral vascular disorders (Kirt- 
ley et al.), 256 

prediction of effect of, on skin tempera- 

ture of lower extremity in patients 

with obliterative arterial disease 
(Cranley et al.), 799 

role of, in treatment of frostbite (Isaac- 
son and Harrell), 810 

Sympathetic block, experiences with epidural 
analgesia for (Thistlethwaite et al.), 
818 

Synergistic gangrene, progressive 
(Brown et al.), 407 


bacterial 


T 


Table, satisfactory operating, for use in ex- 
perimental surgery (Hoag and Mer- 
endino), 107 

Teratoma of neck apparently arising in thy- 
roid (Perkins and Pautler), 742 

Teratomas, 945 (B. Rev.) 

Terramyein, Aureomycin, Chloromycetin, and 
procaine penicillin, influence of, on 
mortality of experimental peritonitis 
(Barbieri et al.), 83 

Tetralogy of Fallot; anatomy of pulmonary 
stenosis and atresia with comments 
on surgical therapy (Johns et al.), 
161 
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Tetralogy of Fallot—Cont’d 
new instruments for 


cardiac 
(Dogliotti and Guglielmini), 639 
Third and second degree burns, severe, ex- 


surgery 


posure method in treatment of 
(Rousselot et al.), 673 
Thoracic aorta, aneurysm formation in ex- 
perimental vein grafts in (Johnson 
et al.), 207 
approach; more rapid operative technique 
for esophagectomy (Mikkelsen and 
Rogers), 792 
Thorotrast, Diodrast, and sodium iodide, in- 
tra-arterial, actions of, on peripheral 
pulse volume of lower extremity 
(Jepson and Simeone), 276 
venous; relation of pancreas to 
blood coagulation (Storer and Kaz- 
dan), 683 
Thromboangiitis obliterans; evaluation of 
lumbar sympathectomy in two hun- 
dred consecutive cases of peripheral 
vascular disorders (Kirtley et al.), 
259 
Thrombophlebitis; experiences with epidural 
analgesia for sympathetic block 
(Thistlethwaite et al.), 819 
Thrombosis, evaluation of lumbar sympathec- 
tomy in two hundred consecutive 
eases of peripheral vascular disor- 
ders (Kirtley et al.), 258 
experimental vascular grafts: evaluation 
relating to types, means of preserva- 
tion, and methods of suture in grow- 
ing pig (Sauvage and Harkins), 591 
influence of diameter disproportion and of 
length on incidence of complications 
in autogenous venous grafts in ab- 
dominal aorta (Schmitz et al.), 190 
Thyroid-stimulating hormone; effect of hyalu- 
ronidase on experimental exophthal- 
mos (Nuzum), 551 
Thyroid, teratoma of neck apparently arising 
in (Perkins and Pautler), 742 
Thydroidectomy, lingual: improved technique 
(Bigger and Van Slyke), 128 
Tissue tubes, autologous, for aortic grafts in 
dogs (Peirce), 648 
Training, general, versus specialization (Leh- 
man), 134 
Transesophageal suture of, and emergency 
treatment of massive bleeding from, 
esophageal varices, at time of acute 


Thrombi, 


hemorrhage (Linton and Warren), 
243 

Transfusion therapy, specific (Smith et al.), 
525 


Transfusions, massive, of citrated blood, re- 
lationship of bleeding and clotting 
times to (Mayer), 79 

Transmesenteric hernia, strangulated, in 
erythroblastotic newborn (May and 
Brintnall), 312 

Transventricular autogenous slings, unsuita- 
bility of, for diminishing valvular 
insufficiency (Moore and Shu- 
macker), 173 
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Transverse incision in pharyngeal pulsion di- 
verticula (Perzik), 544 
Trauma; review of some recent advances in 
study of shock (Hiseman), 149 
Tubes, autologous tissue, for aortic grafts in 
dogs (Peirce), 648 
Tumor; cavernous hemangioma of mediasti- 
num (Maurer), 556 
pathology, atlas of, 944 (B. Rev.) 
Tumors, adenomatoid, of epididymis (Rapo- 
port and Morgan), 737 
carcinoid, of rectum (Buchanan et al.), 909 
(Haynes et al.), 567 
gastric; polyps and adenomas of stomach 
(Hay), 446 
metastatic, in breast (Charache), 385 
of carotid body and related structures, 944 
(B. Rev.) 
of central nervous system, 944 (B. Rev.) 
of lower respiratory tract, 945 (B. Rev.) 
of parathyroid gland, 945 (B. Rev.) 


Twins, identical, intestinal atresia in 
(Lewis), 121 
Tyrode’s solution; experimental vascular 


grafts: evaluation relating to types, 
means of preservation, and methods 
of suture in growing pig (Sauvage 
and Harkins), 589 


U 


Uleer, duodenal, and gastric carcinoma, co- 
existence of (Magovern et al.), 421 
peptic; duodenal diverticula (Chitambar), 
770 
evaluation of Billroth I operation for 
(Wallensten and Géthman), 1 
limitations in clinical use of Banthine in 
(Rauch and Bieter), 21 
polyps and adenomas of stomach (Hay), 
446 
Uleeration; progressive bacterial synergistic 
gangrene (Brown et al.), 407 
Ureterosigmoidostomy, disadvantages of 
(Creevy), 131 (£.) 
Urinary bladder, fluorescein test for intra- 
peritoneal rupture of (Cipolla et 
al.), 102 
clinical uses of hyaluronidase 


Urology; 
(Britton and Habif), 933 


V 


Vagotomy, antral phase of gastric secretion 
before and after—experiments on 
gastric pouch dogs (Ferguson), 352 
Valvular insufficiency, unsuitability of trans- 
ventricular autogenous slings for 
diminishing (Moore and _ Shu- 
macker), 173 
pulmonary stenosis; anatomy of pulmonary 
stenosis and atresia with comments 
on surgical therapy (Johns et al.), 
162 
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Varices, esophageal, emergency treatment of 
massive bleeding from, by transeso- 
phageal suture of these vessels at 
time of acute hemorrhage (Linton 
and Warren), 243 

nature of bleeding in (Wagenknecht et 
al.), 869 

Vascular disease, peripheral; some aspects of 
‘‘senile’’? gangrene (Lehman and 
Figueira), 28 

disorders, peripheral, evaluation of lumbar 
sympathectomy in two hundred con- 
secutive eases of (Kirtley et al.), 
256 

grafts, experimental: evaluation relating 
to types, means of preservation, and 
methods of suture in growing pig 
(Sauvage and Harkins), 587 

Surgery, Society for, 161-307 

Vasodilatation; prediction of effect of lum- 
bar sympathectomy on skin tempera- 
ture of lower extremity in patients 
with obliterative arterial disease 
(Cranley et al.), 799 

Vasospasticity; evaluation of lumbar sympa- 
thectomy in two hundred consecutive 
eases of peripheral vascular disorders 
(Kirtley et al.), 256 

Vein graft; unsuitability of transventricular 
autogenous slings for diminishing 
valvular insufficiency (Moore and 
Shumacker), 173 

grafts, autogenous, and homologous arterial 

grafts used to bridge large arterial 
defects in man (Cooke), 183 

in thoracic aorta, aneurysm formation in 

experimental (Johnson et al.), 207 

Vena cava, recanalization of (Miles and 
Young), 849 

Vena caval autografts and homografts; ex- 
perimental vascular grafts: evalua- 
tion relating to types, means of 
preservation, and methods of suture 
in growing pig (Sauvage and Har- 
kins), 588 

Venae cavae, superior and inferior, method 

for complete drainage of, into extra- 

corporeal circuits (Helmsworth et 

al.), 835 

grafts, autogenous, in abdominal 

aorta, influence of diameter dispro- 

portion and of length on incidence 
of complications in (Schmitz et al.), 

190 

experimental vascular grafts: evaluation 
relating to types, means of preserva- 

tion, and methods of suture in grow- 

ing pig (Sauvage and Harkins), 617 
thrombi; relation of pancreas to blood co- 
agulation (Storer and Kazdan), 683 

Ventricle, left, congenital diverticulum of 
(Potts et al.), 301 

Ventricular fibrillation; closure of atrial sep- 
tal defects with aid of hypothermia ; 
experimental accomplishments and 
report of one successful case (Lewis 
and Taufic), 52 


Venous 
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Visceral lesions; surgical aspects of blasto- 
mycosis (Levitas and Baum), 93 
metastases from carcinoma of distal colon 
and rectum (Bacon and Jackson), 
495 
Von Recklinghausen’s neurofibromatosis and 
osteitis fibrosa cystica, simultaneous 
occurrence of (Clark and Mathews), 
434 


WwW 


Wiederherstellungschirurgie des Gesichts, 477 
(B. Rev.) 
Wound healing and roentgen rays (Lawrence 
et al.), 376 
shock; review of some recent advances in 
study of shock (Eiseman), 149 


healing, study of influence of 
adrenal steroids on strength of 
(Meadows and Prudden), 841 

in cardiovascular system, effect of corti- 
sone on healing of (Muller et al.), 
399 


physiologic effects of, 636 (B. Rev.) 


Wounds, 


x 


impact of Réntgen’s discovery upon 
treatment of fractures (Peltier), 
579 

Xyphoid process, removal of, as aid in opera- 
tions on upper abdomen (Saint and 
Braslow), 361 


X-rays ; 
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Marine S/Sgt. Archie Van Winkle 
. Medal of Honor 


ATTACKING IN DARKNESS, a superior Red 
force had smashed through B Company’s defense 
line, near Sudong. Staff Sergeant (now Second Lieu- 
tenant) Van Winkle’s platoon lay pinned under mur- 
derous fire. The entire Company faced destruction. 

Passing a command to his platoon, the sergeant 
leaped from cover, led a desperate rush against the 
enemy. A bullet shattered his left elbow, but he kept 
going. 

The left-flank squad got separated. Sergeant Van 
Winkle dashed 40 yards through heavy fire to bring it 
in. A grenade seriously wounded his chest. Still, 
lying on the ground, he continued to direct the fight- 
ing. Finally he was evacuated, unconscious from loss 
of blood; but the break had been plugged, the Com- 
pany saved. 

“T found out firsthand,” says Sergeant Van Winkle, 
“that the Reds respect only one thing—strength. But 
America has plenty, thanks to our armed forces who 
serve in the field—and good citizens at home who in- 
vest in our country’s Defense Bonds! I believe in 
Bonds—as savings to protect my family and as 
strength to protect my country.” 

Peace is for the strong! For peace and prosperity 
save with U. S. Defense Bonds! 

* * * 


Now E Bonds pay 3%! Now, improved Series E Bonds 
start paying interest after 6 months. And average 3% in- 
terest, compounded semiannually when held to maturity. 
Also, all maturing E Bonds automatically go on earning 
—at the new rate—for 10 more years. Today, start invest- 
ing in Series E Bonds through the Payroll Savings Plan; 
you can sign up to save as little as $2.00 a payday if you wish. 


The U. S. Government does not pay for this advertisement. It is donated by this publication in cooperation 
with the Advertising Council and the Magazine Publishers of America. 














